(19) 


J 


(12) 


EuropSisches Patentamt 
European Patent Office 
Office europ6endes brevets (11) EP 0 947 221 A2 

EUROPEAN PATENT APPLICATION 


(43) Date of publication: 

06.10.1999 Bulletin 1999/40 

(21) Application number: 991 05156v6 

(22) Date of filing: 29.03.1999 


(51) Inta^: A61N5/06 


(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE 

Designated Extension States: 
ALLTLVMKROSI 

(30) Priority: 31.03.1998 JP 10390898 
31 .03.1998 JP 10390998 

(71) Applicant: 

TERUMO KABUSHIKI KAISHA 

Tokyo (JP) 

(72) Inventors: 

* Iwahashi, Shigenobu, 
Terumo Kabushiki Kaisha 
Ashigarakami-gun, Kanagawa-ken, 259-0151 

(JP) 


• Ariura, Shigekl, 
Terumo Kabushiki Kaisha 
Ashigarakami-gun, Kanagawa-ken, 259-0151 

(JP) 

• Maki.Shin, 

Terumo Kabushiki Kaisha 
Ashigarakami-gun, Kanagawa-ken, 259-0151 

(JP) 

(74) Representative: 

Casalonga, Axel et al 

BUREAU D.A. CASALONGA - JOSSE 

lMorassistrasse8 

80469 MQnchen (DE) 


(54) Laser irradiation device 

(57) This invention ^ncerns a lateral-inadiation 
type laser irradiation device which is capable of effec- 
tiveiy in-adiating a target site (particularly at a consider- 
able depth) with a laser beam while infallibly and easily 
preventing normal tissue from injury. 

The laser inradiating device 1 moves either or both 
of the laser probes 3, 4 having the reflecting mirrors 32. 
42 provided at the distal end parte of the optical fibers 


31 . 41 in the longitudinal direction of the sheath 2 so as 
to alter the tnten^al between the r^lecting mirrors 32, 42 
and move the position at which the reflected laser 
beams are concentrated (condensed), namely the tar- 
get positton 5. in the direction perpendicular to the lon- 
gitudinal axis of the sheath 2. 


FIG. I 
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D^cription 

bX^kground of the invention 

Fie^ of the Invention s 

[00|6l] This invention relates to a lateral-irradiation 
type laser irradiation device for curing ailing tissue by 
irradiating the affected region with a laser beam. 

2 

Description of the Prior Art 

0 ' 

[OQ^] Some kinds of the laser in-adiation device is 
used for curing an ailing tissue by inserting the device 
into a lumen such as the blood vessel, the urogenital is 
canal, or the abdominal cavity and causing the device to 
emit an in-vivo deep reaching laser beam to the affected 
region. 

[0003] This laser in^adiation device, by making use of 
a relevant body cavity or by being inserted into a rele- so 
vant part of the body through a small incision, cures a 
lesion by irradiating a laser beam of a varying energy 
density upon the site of the lesion thereby inducing 
degeneration, neaosis, solidification, cauterization, 
incision, or transpiration of the l^on. 
[0004] This technique consists in directly irradiating 
the laser beam on the lesion located in or near the sur- 
face layer of the tissue. Recently it has become to be 
utilized also for curing a lesion located in the deep part 
of the tissue. 3o 
[0005] Since the laser t>eam is emitted at a relatively 
high output for the purpose of heating the lesion of this 
sort to an amply high temperature, it has the possibility 
of injuring the relevant surface layer of the tissue. 
[0006] In the circumstance, therefore, an idea of pro* 3S 
viding the laser inradiation device at the distal end part 
thereof with a plurality of laser beam emitting parts and 
causing these emitting parts respectively to emit laser 
beams in a pattem so divided that the laser beams may 
overlap on the site of lesion is conceivable. This modi- 40 
tied laser irradiation device can allay the injury of the 
surface layer to a certain extent and heat the site of . 
lesion to a sufficiently high temperature because it pre- 
vents a laser beam of unduly high output from impinging 
on the surface layer ^ 
[0007] The laser irradiatbn device of this construction, 
however, allows no easy control of the depth of the posi- 
tion at which the laser beams emitted from the different 
laser emitting parts are converged (beam-condensing 
position). It. therefore, entails such problems as disa* so 
bling application of uniform heat to the whole of the 
lesion, giving rise to local overheating or unduly insuffi- 
cient heating, suffering the lesion to cause pain to the 
patient or involve complication, failing to manifest a fully 
satisfactory curing effect, and tending to incur relapse of ss 
the disease. 

[0008] Further, this device by nature inevitably fixes 
the depth of the beam-condensing position at a con- 


stant distance. To change the depth of beam-condens- 
ing position to a necessary depth, therefore, it requires 
to exchange the laser irradiating device <laser probe) for 
a spare part having the depth of the beam-condensing 
position set in advance to the necessary distance. 
[0009] When the depth of the bieam-condensing posi- 
tion is altered by the exchange of the laser irradiation 
device, this alteration of the depth is barely attained 
stepwise and further brings such flaws as complicating 
the operation and increasing the load on the patient. 

SUMMARY OF THE INVENTION 

[001 0] This invention, conceived in the light of the true 
state of prior art mentioned above, has for the object 
thereof the provision of a lateraMnadiation type laser 
irradiation device which is capable of effectively in^diat- 
ing a target site (particularly at a considerable depth) 
with a laser beam wh'le infallibly and easily preventing 
normal tissue from injury. 

[0011] According to this invention, since the laser 
beams emanating from a plurality of emrtting parts are 
converged (condensed) via different routes on a target 
position and the energy densities of these laser beams 
are heightened at the target position and in the neigh- 
borhood thereof, the target site can be heated to a nec- 
essary temperature and the site (normal tissue) other 
than the target site can be held at a relatively low tem- 
perature. As a result, the injury possibly inflicted on the 
site other than the target site can be precluded com- 
pletely or allayed markedly and, in particular, the safety 
of the patient can be secured. 
[0012] According to this invention, since the target 
position can be moved by an emitting direction changing 
means, tiie whole of the target site can be uniformly 
heated to a necessary temperature while the site other 
than the target site is easily and infallibly retained at a 
relatively low tentperature. Further, since the depth of 
tiie target position can be changed to an arbitrarily 
selected distance witiiout requiring exchange of the 
laser irradiation device, the operation can be facilitated 
and tiie load on the patient can be alleviated. 
[001 3] Even when the inserting part of ttie laser inradi- 
ation device is barely capat^le of advancing halfway 
along the distance to a given body cavity, tiie device can 
heat the target site to a necessary tenperature by irra- 
diating the target site with laser beams. When tiie target 
site allows no easy transmission of laser beams or the 
laser beams for the irradiation have relatively low 
energy densities, the laser inradiation devrce is capable 
of irradiating the target site with laser beams while 
avoiding the site liable to involve complication. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] 

Rg. 1 is a schematic perspective view Illustrating a 
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laser irradiation device according to Embodiment 1 
of this invention, 

Fig. 2 is a cross section of a necessary portion illus- 
trating the distal end part of the laser inadiation 
device. ^ 
Fig. 3A is a schematic cross section taken through 
Fig. 2 along the line IIIA-IIIA, 
Fig. 3B is a schematic cross section taken through 
Fig. 2 along the line IIIB-IIIB. 

Fig. 3C are tables showing the relations between io 
the dial nunnbers of the adjusting parts on the one 
part and the depths of irradiation and the positions 
of irradiation on the other hand. 
Fig. 4 is a side view illustrating a necessary portion 
of the state in which the laser in*adiation device is is 
inserted into a body cavity. 
Fig. 5 is a ctoss section illustrating a necessary por- 
tion of the case of vertically moving the target posi- 
tion of the laser irradiation device, 
Fig. 6 is a aoss section illustrating a necessary por- 20 
tion of the case of laterally moving the target posi- 
tion of the laser irradiation device, 
Fig. 7 is a cross section illustrating a necessary por- 
tion of the case of circumferentially moving the tar- 
get position of the laser irradiation device, 25 
Fig. 8 is a side view illustrating a necessary portion 
of a laser irradiation device aocorvfing to Embodi- 
ment 2 of this invention, 

Fig. 9 is a cross section illustrating a necessary por- 
tion of a laser irradiation device according to 30 
Embodiment 3 of this invention. 
Fig. 10 is a cross section Illustrating a necessary 
portion of a laser irradiation device according to 
EntitX)diment 4 of this invention, 
Fig. 11 is a schematic aoss section taken through 3s 
Fig. 10 along the line XI-XI. 
Fig. 12 is a cross section illustrating a necessary 
portion of a laser irradiation device according to 
Embodiment 5 of this invention. 
Fig. 13 is a aoss section illustrating a necessary 40 
portion of a laser irradiation device according to 
Embodiment 6 of this invention. 
Fig. 14 is a aoss section illustrating a necessary 
portion of the case of vertically moving the target 
position of the laser irradiation device. 45 
Fig. 15 is a aoss section illustrating a necessary 
portion of the case of laterally moving the target 
position of the laser irradiation device, 
Fig. 16 is a aoss section illustrating a necessary 
portion of a typical modification of Embodiment 6 so 
mentioned above. 

Fig. 17 is a aoss section illustrating a necessary 

portion of a laser irradiation device according to 

Embodiment 7 of this invention, 

Fig. 18 is a aoss section illustrating a necessary ss 

portion of a laser irradiation device according to 

EmtMxliment 8 of this Invention, 

Fig. 19A is a side view of Embodiment 18, 


Rg. 1 98 is a table showing the relation between the 
lever position on tiie one hand and the depth of irra- 
diation and the position of irradiation on the other 
hand, 

Rg. 20 is a aoss section illustrating a necessary 
portion of a laser irradiation clevk:e according to 
Embodiment 9 of this invention, 
Rg. 21 is a diagram illustrating a converging beam 
and a parallel beam, 

Rg. 22 is a aoss section illustrating a necessary 
portion of a laser irradiation device according to 
Embodiment 10 of this invention, 
Rg. 23 is a aoss section illustrating a necessary 
portion of a laser irradiation device according to 
Embodiment 1 1 of this invention. 
Rg. 24 is a aoss section a necessary portion of 
illustrating by way of specimen part of a laser irradi- 
ation device according to EmkxxJiment 12 of this 
invention, and 

Rg. 25 is a aoss section a necessary portion of 
- illustrating by way of specimen part of a laser inradi- 
ation device according to Embodiment 13 of this 
invention. 

DETAILED DESCRIPTION 

[001 5] Now. the laser inradiation device of this inven- 
tion will be described in detail below based on various 
embodiments IDustrated in the annexed drawings. 

((Embodiment 1» 

[0016] With reference to Rg. 1. a laser inacfiation 
device 1 is a lateral-irradiation type laser irradiation 
device which is provided in an elongate sheath (main 
body) 2 thereof witii laser probes 3 and 4 disposed par- 
allel to each other and adapted to emit laser beams 
capable of reaching depths In an organism toward a tis- 
sue 1 00. In Fig. 1 , the symbol "a" denotes an eyei^iece 
part and the symbol "b" an adjusting part for adjusting 
the distal end position of the laser probes 3. 4. 
[001 7] In tiie sheatii 2 of the laser irradiation device 1 . 
working lumens (hollow parts) 21 and 22 both opened 
respectively at the distal end arxl the proximal end are 
formed as illustrated in Rg. 2. These working lumens 
are respectively parallel to the longitucfinal axis of the 
sheatii 2. Here, tiie right ^e in the bearings of the 
drawing is regarded as the 'distal end" and the left side 
as the "proximal end" <this relationshp will similarly 
apply hereinafter). 

[0018] The laser probe 3 is disposed in tiie working 
lumen 21 and ttie laser probe 4 in the vyorking Iumen22 
respectively movably in tiie longitudinal direction off tiie 
sheath 2. The disposition of tiie laser probes 3 and 4 in 
tiie movable state results in constructing an emitting 
direction changing means which changes ttie directions 
of emission of laser beams as will be described specifi- 
cally herein below. This system constitutes itself a very 
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simple means for changing directions of emission. On 
the proximal end sides of these laser probes 3 and 4* a 
laser generating de\/ice (not shown) adapted to gener- 
ate laser beams is disposed. 

[0019] The laser probe 3 mentioned above is com- s 
posed of an optical fiber (light-guiding member) 31 and 
a reflecting min*or (emitting part) 32 having a rounded 
leading terminal disposed In the distal end part of the 
optical fiber 31 and the laser probe 4 mentioned above 
Is composed of an optical fiber (light-guiding member) io 
41 and a reflecting mirror (emitting part) 42 disposed in 
the distal end part of the optical fiber 41 . 
[0020] The opticaJ fbers 31 and 41 are each formed 
of a core and a clad disposed in the outer peripheral 
part of the core so as to encircle the core and having a 
refractive index lower than that of the core. The diagram 
avoids placing a hatch for depicting a cross section in 
the optical ftoers 31 and 41 for fear that il may obscure 
a light path (this rule will similarly apply hereinafter). 
[0021] These optical fibers 31 and 41 do not need to 
submit to any particular restriction but require only to be 
capable of guiding laser beams. Their cores, for exam- 
ple, may have quartz as a main component thereof or 
may be formed of either a multi-conponent glass or a 
resin of acrylic origin. The dad mentioned above 
imposes no particular restriction but only requires to 
have a lower refractivity than the core. Further, these 
optical fibers may be composed of either one core or a 
plurality of cores anrayed within a clad. Alternatively, the 
optical fibers may be in the form of an optical fiber bun- 
dle which is obtained by bundling a plurality of optical 
ftoers. 

[0022] The reflecting mirrors 32. 42 mentioned above 
constitute themselves emitting means for issuing laser 
beams. 

[0023] The laser probes 3. 4 are disposed paraDel in 
the vertical direction as illustrated in Fig. 2 and Rg. 3. 
The laser probe 4 is positioned above the laser probe 3 
and the distal end part (reflecting mirror 42) of the laser 
probe 4 is positioned fonward from the distal end part 
(reflecting mnar 32) of the laser probe 3. 
[0024] The various conditions such as angle of the . 
reflecting min-or 32 are so set that, when the laser is 
viewed from the front, the reflecting minror 32 may emit 
the laser beam downward, namely in the direction in 
which the laser probes 3 and 4 form a line and. when 
the laser in-adiatlon device 1 is viewed from the side, the 
reflecting mirror 32 may emit the laser beam in a direc- 
tion inclined toward the distal end side as illustrated in 
Fig. 2. 

[0025] The various conditions such as angle of the 
reflecting min-or 42 are so set that, when the laser is 
viewed from the front, the reflecting mirror 42 may emit 
the laser beam downward, namely in the direction in 
which the laser probes 3 and 4 form a line and. when 
the laser irradiation device 1 1s viewed from the side, the 
reflecting mirror 42 may emit the laser beam in a direc- 
tion inclined toward the proximal end side as illustrated 


in Fig. 2. 

[0026] As a result, the laser beam emitted from the 
laser probe 3 and the laser beam emitted from the laser 
probe 4 overiap at a fixed position on the lower side as 
illustrated in Figs, 1,2. 

[0027] In the present specification, the position at 
which the laser beams overlap (coincide) will be 
refen-ed to as a "target position." 
[0028] The laser beams to be used do not need to 
submit to any particular restriction but requires only to 
be capable of reaching a depth in an organism. They 
properly have a wavelength in the approximate range of 
700 - 1300 nm. preferably 800 - 900 nm. The laser 
beams of this wavelength are not easily aljsorbed by the 
water component of the tissue. When they irradiate the 
tissue, they induce absorption of energy only sparingly 
in the suriace layer part and exhibit an ability to impinge 
effectively on the target part (lesion) 120 located at a 
depth in the tissue. 

[0029] As concrete emtxxJiments of the laser beam 
generating device for generating the laser t)eams of the 
wavelength mentioned above, gaseous lasers such as 
the He-Ne laser, solid lasers such as the Nd-YAG laser, 
and semiconductor lasers such as the QaAIAs laser 
may be cited. 

[0030] The outside diameter (diameter) of the insert- 
ing part of the laser irradiation device 1 does not need to 
submit to any particular restrlctfon but requires only to 
be enough to allow insertion of the inserting part into a 
body cavity 1 10, TTie outside diameter of the sheath 2 
properly is in the approximate range of 2 - 20 mm, for 
example, preferably in the approximate range of 3 - 8 
mm. 

[0031] As conaete exanples of the material for the 
formation of the sheath 2, polyolef ins such as polyethyl- 
ene and polypropylene, polyesters such as ethylene- 
vinyl acetate copolymer (EVA), polyvinyl cWoride, poly- 
ethylene terephthalate. and potybuthylen terephthalate, 
polyamide, polyurethane. pxrfystyrene, f luoroplastic, pol- 
ymer alloys containing one of the compounds men- 
tioned above, and combinations of two or more such 
compounds may be cited. 

[0032] The adjusting part 50. as illustrated in Fig. 3A. 
Is possessed of adjusting dials ^53 and 54 which partly 
protrude from the lateral part of a case 51 , While these 
adjusting dials 53. 54 are rotatably attached to the case 
51. they nip the laser probes 3, 4 in cooperation with a 
plurality of guide rollers 55 inside the case 51. The 
adjusting part 50 is so constructed that the laser probes 
3, 4 may be advanced fonward or backward in the axial 
direction by suitably rotating the acljusting dials 53. 54 
normally or reversely. 

[0033] Since the adjusting part 50 prefers the con- 
struction thereof to allow inspection of the amount of the 
advance of the laser probes, the present embodiment 
opens a window 56 in the upper side of the case 51 and 
enables the dial numbers insaibed in the liqsper sides of 
the adjusting dials 53, 54 to be seen by an observer 
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through this window 56. 

[0034] The adjusting dials 53. 54 prefer to have 
inscribed on the outer peripheral faces thereof antislip 
knurls which are adapted to ensure and facilitate the 
motion of the laser probes 3, 4 to a greater extent. 
[0035] The dial numbers may be arbitrarily selected. 
For example, the letters "1/ "2," "3." and "4- are affixed 
at angular Intervals of 90 degrees on each of the adjust- 
ing dials 53, 54 and these dial numbers are used as a 
measure of the amount of motion of the laser probes 3, 
4. 

[0036] This measure of the amount of motion is illus- 
trated in Rg. 3C. To be specific, when the dial number 
changes from "1" to "2." the laser probes 3. 4 are moved 
over a distance of about 6 mm (10/V3 mm) in the axial 
direction. The angles of inclination of the reflecting mir- 
rors 32, 42 relative to the optical axis are 30 degrees. In 
Fig. 3C, however, the numerical values are partly miss- 
ing because the distal end part of the laser probe 4 can- 
not be positioned in any state on the fonward side from 
the distal end part of the laser probe 3. 
[0037] Now, the operation of Entoiiment 1 will be 
described below. 

[0038] For a start, the sheath 2 is inserted as guided 
by the distal end part 23 thereof into the body cavity 110 
until the distal end part 23 is positioned near the target 
part 1 20 to be irradiated (on the nearer side in the direc- 
tion of advance) as illustrated in Rg. 4. 
[0039] Then, the laser probes 3. 4 are inserted 
respectively into the working lumens 21 and 22 and the 
distal end parts of the laser probes 3, 4 are allowed to 
protrude In a fixed amount from the distal end of the 
sheath 2. In this case, the laser probe 4 and the laser 
probe 3 are so an-anged that the distal end part of the 
former probe may fall on the fonward side from the distal 
end part of the latter probe as illustrated in Fig. 4. 
[0040] Optionally, the laser irradiating device 1 having 
the laser probes 3, 4 inserted in advance respectively 
into the working lumens 21 , 22 may be Inserted instead 
into the body cavity 1 10. 

[0041] Then, the laser irradiating device 1 is adjusted 
so that the target position (coinciding position) 5 may 
assume a required position in the target part 120. 
[0042] The adjustment of the target position 5 in the 
direction perpendicular to the longitudinal axis of the 
sheath 2 (in the vertical direction in the bearings of the 
diagram) is accomplished by moving either or both of 
the laser probes 3. 4 in a required direction (the longitu- 
dinal direction of the sheath 2) relative to the sheath 2 
thaeby adjusting the distance between the reflecting 
mirrors 32 and 42. 

[0043] The target position 5 is separated from the 
laser probes 3. 4 when the distance between the reflect- 
ing min-ors 32 and 42 is elongated. Conversely, the tar- 
get position 5 approaches the laser probes 3. 4 when 
the distance between the reflecting mirrors 32 and 42 
are shortened. 

[0044] The adjustment off the target position 5 in the 


longitudinal direction of the sheath 2 is accomplished by 
either moving the laser irradiating device 1 wholly in the 
longitudinal direction or moving the laser probes 3, 4 in 
the longitudinal direction while keeping the reflecting 

5 nvrrors 32 and 42 at a fixed distance. Tltis atyustment 
allows an alteration of the direction of emission. 
[0045] By moving the laser probes 3, 4 relative to the 
sheath 2 thereby adjusting the target position 5, the bur- 
den on the patient under treatment can be alleviated 

10 and the operation can be facilitated because the sheath 
2 does not need to be moved. 
[0046] The adjustment of the target position 5 in the 
circumferential direction of the sheath 2 is accom- 
plished by rotating the laser irradiating device 1 wholly 

15 round the longitudinal axis as the center. This adjust- 
ment likewise allows an alteration of the direction of 
emission. 

[0047] To be specific, the laser probe 4 and the laser 
probe 3 are so laid out by way of initial setting that the 

20 distal end part of the former probe may fall about 6 mm. 
for exanple. fonfl^ard from tiie distal end part of the latter 
probe. This state occurs in the present embodiment 
when the dial number on the ad^isting dial 53 on the 
front side (hereinafter r^erred to as Iront side diaH is 

25 "1 " and the dial number on the adjusting dial 54 on the 
rear side (hereinafter refenred to as "rear side dial*) is 
"1." 

[0048] Then, the sighting is performed. The laser irra- 
diating device 1 is so adjusted that the irracBatlon 

30 effected by this laser irradiating device 1 may reach the 
prescribed depth D1 over the prescribed distance LI , 
providing that D1 stands for the target depth of the tar- 
get positbn 5 and LI for the distance from the distal end 
position of the laser probe 3 to the central position off 

35 irradiation of the target position 5 as illustrated in Fig. 2, 
[0049] This adjustment is carried out based on the dial 
numbers (1 . 2.3. and 4) inscribed on the upper faces of 
the adjusting dials S3. 54 as the measure. In the present 
embodiment the motion is made in an increment off 

40 about 6 mm each time the dial number produces a 
change of 1. Optionally, the adjusting dials 53, 54 may 
be stopped halfway between adjacent dial numbers. 
[0050] After this adjustment, the laser beam generat- 
ing device (not shown In the diagram) is actuated to 

45 Start injection of the laser beams respectively through 
the proximal end parts of the laser probes 3. 4. The 
laser beam entering the laser probe 3 is guided by the 
optical fft>er 31 from the proximal end part through the 
distal end part, r^lected by the reflecting mirror 32. and 

50 irradiated on the target position 5 and the laser beam 
entering the laser probe 4 is guided by the optical fiber 
41 from the proximal end part through the distal end 
part, reflected by the reflecting minror 42. and irradiated 
on the target position 5. 

55 [0051 ] That is to say, the laser beam reflected by the 
reflecting mirror 32 and the laser beam reflected by ttie 
reflecting mirror 42 are passed through different routes 
and converged at the target position 5. As a result, the 
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target position 5 and the neightwrhood thereof In the tis- 
sue 100 are heated by the laser beams to a required 
temperature. 

[0052] Meanwhile, the site above the target part 120 
(such as, for example, a surface layer part 1 01 of the tis- s 
sue 100) and the site thereunder are respectively 
retained respectively at relatively low temperatures 
because the laser beam reflected by the reflecting mir- 
ror 32 and the laser beam reflected by the reflecting mir- 
ror 42 do not overlap therein. 
[0053] Then, by moving the target position 5, namely 
by changing continuously the target position 5 by the 
use of a means for altering the direction of emission, the 
directions of emission of the laser beams are altered 
and the target part 120 is wholly heated to a required is 
temperature. 

[0054] For example, the interval between the reflect- 
ing mirrors 32 and 42 is elongated and the target posi- 
tion 5 is moved downward when the laser probe 4 is 
moved to the right side as indicated by an alternate long 20 
and short dash line in the diagram while the laser probe 
3 is kept in a fixed state as illustrated in Rg. 5. Con- 
versely, the interval between the reflecting mirrors 32 
arKi 42 is shortened and the target position 5 is moved 
upward in the bearings of the diagram when the laser 2S 
probe 4 is moved to the left in the diagram while the 
laser probe 3 is kept in a fixed state. 
[0055] In the case of moving the target position 5 in 
the longitudinal direction of the sheath 2. for example, 
the target position 5 is moved to the right side when the 30 
laser probes 3. 4 are moved to the right side from the 
state of the alternate long and short dash line to the 
state of the solid line while the interval between the 
reflecting min'ors 32 and 42 is kept at a fixed length as 
illustrated in Rg. 6. Conversely, the target position 5 is 3s 
moved to the left side when the laser probes 3, 4 are 
moved to the left side from the state of the solid line to 
the state of the alternate short and long dash line whDe 
the inten/al between the reflecting mirrors 32 and 42 is 
kept at a fixed length. Again in this case, when the target 40 
position 5 is adjusted by mo^ng the laser probes 3. 4 
relative to the sheath 2, the burden on the patient can . 
be alleviated and the operation can be facilitated 
because the sheath 2 does not need to be moved. 
[0056] In the case of moving the target position 5 in 45 
the circumferential direction of the sheath 2, for exam- 
ple, the target part 120 in a circular shape can be wholly 
heated to a necessary temperature by rotating wholly 
the laser irradiating device 1 either clockwise or coun- 
terclockwise round the longitudinal axis of the sheath 2 so 
as the center as illustrated in Rg. 7. 
[0057] When the inradiation of the target part 120 with 
the laser beams which is performed while the target 
position 5 is suitably moved in the vertical direction, lon- 
gitudinal direction, or circumferential direction and the ss 
direction of emission is altered by the use of the means 
for altering the direction of emission as described above 
is completed, the laser irradiating device 1 is wholly 


extracted from within the body cavity 1 1 0. 
[0058] In accordance with the present Embodiment 1 , 
the site (normal tissue) other than the target part 120 
can be retained at a relatively low temperature because 
the laser beams reflected by the reflecting min-ors 32 
and 42 are passed through different paths and concen- 
trated (converged) at the target position 5 during the 
in^adiation of the target part 120 with the laser beams. 
As a resiit, the othenAnse possible infliction of an injury 
on the site other than the target part 120 can be pre- 
cluded and the safety of the patient can be heightened. 
The injury on the surface layer part 101 can be pre- 
vented even when the target part 120 is located at a 
particularly large depth. 

[0059] Since the laser beams from the reflecting mir- 
rors 32. 42 are concentrated at the target position 5. the 
energy densities of the laser beams are heightened at 
the target position 5 and in the neighbortiood thereof 
and consequently the target part 120 can be heated to 
a necessary temperature. 

[0060] In the present Enrlbodiment 1 . since the target 
position 5 can be moved in an aititrary direction, the 
target part 120 which is located at an aibitrary position 
and is possessed of an arbitrary shape and an arbitrary 
size can be easily and infallibly heated uniformly 
throughout to a necessary temperature and can be pre- 
. vented from being locally heated excessively or insuffi* 
dently. 

[0061 ] For example, since the target position 5 can be 
moved in a direction perpendicular to the longitudinal 
axis of the sheath 2 by varying the interval between the 
reflecting min-ors 32 and 42. the operation can be facili- 
tated and the burden on the patient can be alleviated 
without requiring the laser in-adiating devk:e to be 
exchanged for the purpose of changing the depth of the 
target position 5. 

[0062] In the present invention, the laser beams to be 
issued from the distal end parts of the laser probes 3. 4 
may be selected arbitrarily from among divergent rays, 
collimated rays, and convergent rays. It is. however, 
preferable to use collimated rays or convergent rays. 
[0063] When the laser beams issued from the distal 
end parts of the laser probes 3. 4 are ooDimated rays or 
convergent rays, the laser beams can be concentrated 
at the target position 5 and the energy densities of the 
laser beams can be heightened at the target position 5 
and in the neighborhood thereof, in other words, in the 
case of the collimated rays or convergent rays, when the 
energy densities of the laser beams in-oliating the tar- 
get position 5 are fixed, the energy densities of the laser 
beams irradiating the surface layer part 101 can be low- 
ered and the injury on the surface layer part 101 can be 
prevented with clear infallibility as compared with the 
case of the divergent rays. 

[0064] When the laser beams emitt^ from the distal 
end parts of the laser probes 3, 4 are convergent rays, 
the laser beams are preferred to converge at the target 
position 5, namely the position at which the laser beams 
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converge (the position at which the spot fights of the 
laser beams formed on a lace perpendicular to the opti- 
cal axis occupy the smallest areas) is prefenred to coin- 
cide with the target position 5. The convergence of the 
laser beams at the target position 5 is effective in height- 
ening the energy densities of the laser beams at the tar- 
get position 5 and in the neighborhood thereof. 
[0065] For the purpose of enat)ling the laser beams 
issued from the distal end parts of the laser probes 3. 4 
to form collimated rays or convergent rays, an optical 
system for transforming laser beams into collimated 
rays or convergent rays is installed in the light paths of 
the laser beams. In this case, the optical systems men- 
tioned above may be installed separately from the 
reflecting mirrors 32. 42 or the reflecting mirrors 32. 42 
may be adapted to serve concurently as the optical 
systems. 

[0066] When the reflecting mirrors 32, 42 are required 
to serve concunrentiy as the optical systenrs mentioned 
above, it suffices just to impart a concave shape to the 
reflecting faces of the reflecting mirrors 32. 42. 
[0087] When the optical systems for transforming the 
laser beams into collimated rays or convergent rays are 
not installed, the use of optical fbers having a small 
numerical aperture brings an effect approximating 
closely to the generation of collimated rays. In this case, 
the numerical aperture is properly not more than 0.4. 
preferably not more than 0.3. 

[00S8] This invention does not particularly discrimi- 
nate the working lumens 21. 22 of the sheath 2 or the 
laser probes 3, 4 on account of sectional form. When 
the working lunnens 21. 22 of the sheath 2 are given a 
noncircular sectional form, for example, tiie laser 
probes 3, 4 are preferred to have a sectional form which 
corresponds to the sectional form of tiie working lumens 
21. 22 mentioned above. This con^espondence prevents 
the laser probes 3, 4 from being twisted or turned and 
consequentiy suffered to obstruct tiie concentration at 
the target position 5 of the laser beams emitted from the 
distal end parts of the laser probes 3,4. In other words, 
the conrespondence enables tiie laser beams issued 
from the distal end parts of the laser probes 3, 4 to be 
concentrated at the target position 5 with enhanced 
infallibility. 

[0069] In tills invention, the laser beams issued from 
the component emitting parts may be equal or different 
in quantity. When tiie laser beams emanating from the 
component emitting parts are equalized In quantity of 
light, the safety of the laser beams for the patient is 
heightened because tiie temperature of the surface 
layer part can be lowered for tiie fixed total quantity of 
light of tiie laser beams from the component emitting 
parts. 

[0070] In this invention, the number of emitting parts 
of the irradiating means, namely the number of laser 
probes, does not need to be limited to 2 but may be 
increased to 3 or mor& Since an unduly large number of 
ending parts brings complication of the consb^uction of 


the irradiating means, tiie proper number or emitting 
parts is in the approximate range of 2 - 6. preferably in 
tiie approximate range of 2 - 4. 

5 < (Embodiment 2>> 

[0071 ] Fig. 8 is a side view illustrating Embodiments 
of the laser irradiating device of this invention. The com- 
ponent parts which are shared by this Emtxxfiment 2 
10 and the preceding Embodiment 1 will be omitted from 
the following description. The main points of difference 
between tiie two entoiiments in question will be 
descrbed below. 

[0072] In tiie laser in-adiating device 1 whk;h is illus- 
15 fated in the diagram, the laser probe 3 is installed as 
fixed to the sheatti 2, the laser probe 4 is installed as 
allowed to move in the longitudinal direction of ttie 
sheath 2. and tiie laser probe 4 is provided witti a lever 
6 as a means for altering the direction of enission and 
20 producing an operation of moving the laser probe 4. 
[0073] The laser prot^es 3. 4 may be moved by tiie use 
of the adjusting parts which are illustrated in Figs. 1 - 3. 
When either of tiie two laser probes is used alone as in 
the present embodiment it Is favorable to use the lever 
25 with a view to simplifying the operation. 

[0074] This lever 6 is composed of a head part 61 and 
a shank (not shown) smaller in diameter than the head 
part 61 . The head part 61 is provMed witii a linear index 
62. 

30 [0075] On the proxinrnl end side of tiie sheath 2. a 
long hole 24 for guiding the lever 6 mentioned akx>ve is 
formed. This long hole 24 is opened at the proximal end 
and in the outer periphery of tiie sheath 2 and is made 
to communicate with the working lumen 22. This long 

35 hole 24 is formed parallel to the longitudinal axis of tiie 
sheath 2 and has a width (tiie length in the vertical 
direction in tiie bearings of Fig. 8) larger than the out- 
side diameter (diameter) of the axial part of the lever 6 
and smaller than the head part 61 . 

40 [0076] The shank of the lever 6 mentioned above is 
inserted in the long hole 24. The head part 61 Is posi- 
tioned on tiie outer peripheral side of the sheath 2. fslear 
the long hole -24 on the outer peripheral surface of tiie 
sheath 2, a graduated scale 25 is disposed parallel to 

45 the longitudinal axis of the sheath 2. namely to the long 
hole 24. 

[0077] The graduated scaled corr^ponds to ttie 
positions of the emitting part 43. namely to the intervals 
between an emitting part 33 of tiie laser probe 3 and the 

50 emitting part 43 of tiie laser probe 4. By reading ttie 
value of the graduated scaled which coincides with 
tiie index 62 of the lever 6. tiierefore. tiie distance 
between the target position 5 in the direction perpendic- 
ular to tiie longitudinal axis of tiie sheatii 2 and the outer 

55 peripheral face of the sheath 2 (the surface of tiie tis- 
sue), namely, the depth of tiie target position 5. can be 
comprehended from the value. 
[0078] Then, the operation of Embodiments will be 
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described below. 

[0079] When the operator grips the head part 61 of the 
lever 6 and imparts a motion to the lever 6. the lever 6 
slides along the long hole 24 and, in concert with tNs 
slide, the laser probe 4 moves in the longitudinal direc- s 
tton of the sheath 2 and produces a change in the inter- 
val between the emitting part 33 and the emitting part 
43. 

[0080] In the state indicated by the solid line in Rg. 8. 
the target position 5 and the neighboring site (region) 51 io 
are heated to a necessary temperature. When the lever 
6 is moved to the right side until the state indicated by 
the alternate short and long dash line is assumed, the 
laser probe 4 is also moved to the right side coopera- 
tively with the motion of the lever 6. with the result that is 
the interval between the emitting parts 33 and 43 will be 
elongated and the target position 5 will be moved down- 
ward. 

[0C»1 1 By the fad that the motion of the lever 6 alters 
the direction of emission of the laser beam and moves 20 
the target position 5 in the manner described above, the 
target part 120 can be wholly heated uniformly to the 
necessary temperature. 

[0(^2] Conversely, when the lever 6 is moved to the 
left side from the state indicated by the alternate short 2s 
and long dash line, the laser probe 4 is also moved to 
the left side cooperatively with the motion of the lever 6. 
with the result that the interval between the emitting 
parts 33 and 43 will be shortened and the target posi- 
tion will be nrxived upward. 

[0^3] In Rg. 8. a range 130 above the site 51 is the 
region to be retained at a relatively low temperature (the 
region to be kept warm). This range 130 is enlarged by 
the motion of the lever 6 to the right. 
[0084] While the present Embodiment 2 produces the 
same effect as the Entfxxliment 1 . the Embodiment 2 is 
particularly capable of facilitating the motion of the laser 
probe 4 because it is provided with the lever 6 as a 
means for altering the direction of emission. 
[0085] Further, the depth of the target position 5 can 
be easily and infallibly transformed into the depth of the 
target because the deptii of the target position 5 can be 
conrprehended from the value of the graduated scale 25 
which coincides with the index 62 of the lever 6. As a 
result, the target part 120 can be wholly heated easily 
and infallibly at the necessary temperature while the site 
other than the target part 120 is kept at a relatively low 
temperature. 

lOQSS] This invention does not need to be limited to 
the embodiments dted above. Optionally, the laser 
probes 3, 4 may be adapted to be moved independently 
of each other in the longitudinal direction relative to the 
sheath 2 and may be each provided witii the lever 6 
mentioned above. 

((Embodiment 3» 

[0(^7] Fig. 9 is a cross section illustrating Embodi- 


ment 3 of the laser irradiating device of this invention. 
The component parts which are shared by this Embod- 
iment 3 and tiie preceding Embodiment 1 will be omitted 
from the following description. The main points of differ- 
ence between the two embodiments in question will be 
described below. 

[0088] The laser inradiating device 1 illustrated in tiie 
diagram comprises the sheath 2 of an elongate shape, 
tiie single laser probe 3 disposed in tiie working lumen 
21 of the sheatii 2 movably in tiie longitudinal direction 
tiiereof and provided witii a beam splitter (emission 
part) 34 disposed in a fixed state at tiie distal end part of 
the optical fiber 31, the reflecting mirror (emitting part) 
32. a beam splitter (emitting part) 35. and rodiike guide 
members 321 and 351 (means for altering the direction 
of emission) disposed in the working lumen 21 of tiie 
sheatii 2 movably in the longitudinal direction of tiie 
sheatii 2. 

[0089] The reflecting min-or 32 mentioned above is 
installed in a fixed state at ttie distal end part of tiie 
guide member 321. In other words, tiie reflecting minror 
32 and tiie guide member 321 are adapted to be moved 
integrally in tiie longitudinal direction of the sheath 2. 
[0090] The beam splitter 35 is installed in a f ixed state 
at the distal end part of tiie gukle member 351. The 
beam splitter 35 and the guide member 351 . therefore, 
are enabled to produce an integrated motion in the lon- 
gitudinal direction of the sheatii 2. 
[0091] The beam splitters 34, 35 arxJ the reflecting 
mirror 32 are so disposed that tiiey protrude in respec- 
tively fixed anrK>unts from tiie distal end side of tiie 
sheath 2 and assume positions on one and the same 
fongitudinal axis. The reflecting nvrror 32 is positioned 
on ttie distal end side of the beam splitter 35 and the 
beam splitter 35 is posKioned on the distal end side of 
the beam splitter 34. 

[0092] The various conditions such as angle of tiie 
reflecting mirror 32 are so set as to fulfill tiie conditions 
which will be specifically described aftenward and ena- 
ble the laser beams reflected by tiie reflecting min-or 32 
to be emitted in a direction inclined from the lower side 
in the bearings of tiie diagram toward tiie proximal end 
side. 

[0093] The various conditions such as angle of tiie 
beam splitter 35 are so set as to fulfill the conditions 
which will be specifically described aftenward and ena- 
ble the laser beams r^lected by the beam splitter 35 to 
be emitted toward tiie fower side in the bearings of tiie 
diagram, namely in the direction perpendkailar to the 
longitudinal axis of tiie sheath 2. 
[0094] The various conditions such as angle of tiie 
beam splitter 34 are so set as to fulfill the conditions 
which will be specifically described aftenivard and ena- 
ble tiie laser beams reflected by the beam splitter 34 to 
be emitted in a direction inclined from tiie lower side to 
tiie distal end side in tiie bearings of tiie diagram. 
[0095] The various conditions such as angle of the 
reflecting mirror 32 and the beam splitters 34 and 35 are 
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so set that when the laser irradiating device 1 is viewed 
from the right side in the bearings of the diagram, an 
optical axis 201 of the laser beam reflected by the 
reflecting mirror 32. an optical axis 202 of the laser 
beam reflected by the beam splitter 34. and an optical 
axis 203 of the laser beam reflected by the beam splitter 
35 may coincide with one another and. when the laser 
in-adiating device 1 is viewed from the lateral side, the 
angle 01 formed by the optical axes 201. 203 and the 
angle 62 formed by the optical axes 202. 203 may equal 
each other. 

[0096] When the interval between the beam splitters 
34 and 35 and the interval between the beam splitter 35 
and the reflecting miror 32 are equalized with each 
other as illustrated in the diagram, the laser beam 
reflected by the reflecting mirror 32. the laser beam 
reflected by the spUtting face (with arbitrary reflectivity) 
of the beam splitter 35. and the laser beam reflected by 
the splitting face (with arbitrary reflectivity) of the beam 
splitter 34 are converged at the target position 5. 
[0097] The beam splitters 34. 35 are means for split- 
ting a laser beam and their degrees of reflectivity do not 
need to submit to any particular r^triction. The degree 
of reflectivity, however, is preferred to be set at 1/3 for 
the beam splitter 34 and 1/2 for the beam splitter 35. 
Ck)nsequently, the laser beam reflected by the reflecting 
mirror 32. the laser beam r^lected by the splitting lace 
of the beam splitter 35. and the laser beam reflected by 
the splitting face of the beam splitter 34 are equalized in 
quantity of light (intensity), with the result that the tem- 
perature of the surface layer part will be lowered and the 
safety of the device for the patient will be exalted. 
[0098] Now. the operation of the Embodiment 3 will be 
desaibed below. 

[0099] The laser inadiating device 1 is set at a pre- 
scribed site in the body cavity and then adjusted by the 
use of the means for altering the direction of emission 
so as to make the target position 5 assume a necessary 
position in the target part 120. In this case, the interval 
between the beam splitter 34 and the beam splitter 35 
and the interval between the beam splitter 35 and the 
reflecting mirror 32 are equalized with each other. 
[0100] When the laser inradiating device 1 is then 
actuated to start injection of the laser beam via the prox- 
imal end part of the laser probe 3, this laser beam is 
guided by the optical fiber 31 from the proximal end part 
through the distal &)d part and part of the laser beam is 
reflected by the splitting face of the beam splitter 34 and 
the remainder thereof is passed through the splitting 
face. In other words, the laser beam is split into a 
reflected ray and a transmitted light. 
[01 01 ] The laser beam reflected by the splitting lace of 
the beam splitter 34 is inradiated on the target position 5. 
Part of the laser beam which has passed the splitting 
face of the beam splitter 34 is reflected by the splitting 
face of the beam splitter 35 and the remainder thereof is 
passed through the splitting face mentioned above and 
split into a reflected light and a transmitted light. The 


laser beam reflected by the splitting face of the beam 
splitter 35 is inradiated on the target position 5. 
[01 02] The laser beam which has passed the splitting 
face of the beam splitter 35 is reflected by the reflecting 
5 ^ce of the reflecting mirror 32 and inadiated on the tar- 
get position 5. 

[0103] Thus, the laser beam guided by the optical f iber 
31 is split into a total of three laser beams by the beam 
splitters 34, 35 and the split laser beams are passed 

10 through different routes and converged on the target 
position 5. As a result, the target position 5 and the 
neighboring region thereof in the tissue are heated to a 
necessary temperature by the laser beams which 
impinge thereon. 

15 [01 04] Meanwhile, the site above the target part 120 
(such as. for exanple, the part of the tissue indicated by 
the solid line) and the site thereunder in the bearings of 
the diagram are retained at a relatively low temperature 
because the laser beam reflected by the reflecting mir- 

20 ror 32, the laser beam reflected by the splitting face of 
- the beam splitter 35, and the laser beam reflected by 
the splitting face of the beam splitter 34 do not overlap 
therein. 

[01 05] Then, the target position 5 is moved so as to 
25 heat the target part 1 20 wholly to a necessary tempera- 
ture. 

[0106] In the case of changing ttie depth of the target 
position 5 by moving the target position 5 in tiie direction 
perpendicular to tiie longitudinal axis of the sheath 2 (in 

30 the vertical direction in the bearings of tiie diagram), any 
two or all tiie beam splitters 34. 35 and the rellecting 
mirror 32 are moved in the longitudinal direction of the 
sheath 2 by tiie means for altering the direction of emis- 
sion so as to after respectively the interval between tiie 

35 beam spGtter 34 and tiie beam splitter 35 and tiie inter- 
val between tiie beam splitter 35 and the reflecting mir- 
ror 32. In this case, the interval between the beam 
splitters 34, 35 and the interval between tiie beam split- 
ter 35 and the reflecting mirror 32 are equalized witii 

40 each otha-. 

[01 07] Incidentally, tiie movement of tiie beam splitter 
34 in tiie longitudinal direction by ttie means for altering 
tiie direction of emission is attained by moving tiie laser 
probe 3 along tiie working lumen 21, tiie movement of 

45 the beam splitter 35 in tiie longitudinal direction is 
attained by moving ttie guide member 351 along tiie 
working lumen 21 , and tiie movement of the reflecting 
mirror 32 in tiie longitudinal direction is attained by mov- 
ing the guide mender 321 atong ttie working lumen 21 . 

50 [0108] While tiie pr^ent 'Embodiment 3 brings ttie 
same effect as tiie EnrtoJiment 1 cited above, tiie 
Embodiment 3 particularly produces tiie affect of 
decreasing the thickness of the inserting part of tiie 
sheatii 2 because it uses ttie single laser probe 3, 

55 namely tiie single optical ifber 31 . 'splits tiie laser beam 
introduced therein Into a plurality of laser beams, and 
emits the split laser beams. As a result this emtxxji- 
ment imparts an improved ability for insertion to ttie 
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laser irradiating device 1 , alleviates pains and abrasions 
inflicted during the Insertion and the extraction of the 
laser irradiating device 1, and reduces the burden on 
the patient. 

[0109] In this invention, the angle ei formed between 
the optical axes 201. 203 and the angle 02 formed 
between the optical axes 202. 203 may be different. It is, 
nevertheless, preferable to equalize 01 and 02. When 
ei and 92 are equalized, the adjustment of the positions 
of the beam splitters 34, 35 and the reflecting min-or 32 
during the adjustment and the movement of the target 
position 5 is facilitated because the laser beam reflected 
by the reflecting mirror 32, the laser beam reflected by 
the splitting face of the beam splitter 35, and the laser 
beam reflected by the splitting face of the beam splitter 
34 are converged at the target position 5 when the inter- 
val between the beam splitters 34. 35 and the interval 
between the beam splitter 35 and the reflecting mirror 
32 are equalized. 

<(Enrtbodiment4>) 

[0110] Fig. 10 is a cross section illustrating the 
Embodiment 4 of the laser irradiating device of this 
invention and Fig. 1 1 is a schematic sectional diagram 
taken through Fig. 10 along the line Xl-Xl. The compo- 
nent parts which are shared by this EmtKXliment 4 and 
the preceding Embodiment 1 will be omitted from the 
fbllowing description. The main points of difference 
between the two embodiments in question will be 
described below. 

[0111] The laser irradiating device 1 illustrated in the 
diagrams is provided between the distal end parts of the 
optical fibers 31. 41 and the corresponding reflecting 
mirrors 32, 42 respectively with collimating lenses 36. 
46. 

[0112] In consequence of this arrangement, the laser 
beam entering the laser probe 3 via the proximal end 
part thereof is guided by the optical fiber 31 from the 
proximal end part through the distal end part, trans- 
formed by the collimating lens 36 into a collimated ray. 
reflected by the reflecting mirror 32. and made to 
impinge on the target position 5. 
[0113] Similarly, the laser beam introduced into the 
laser probe 4 via the proximal end part thereof is guided 
1^ the optical fiber 41 from the proximal end part 
through the distal end part, transfomied by the collimat- 
ing lens 46 into a collimated ray, reflected by the reflect- 
ing min-or 42, and made to impinge on the target 
position 5. 

[0114] That is to say, the collimated laser beanrrs 
reflected by the reflecting mirror 32 and the collimated 
laser beams reflected by the reflecting mirror 42 are 
passed through different routes and converted on the 
target position 5. 

[0115] WWle the present Embodiment 4 brings the 
same effect as the Embodiment 1 cited above, this 
Embodiment 4 particularly uses collimated ray for irradi- 


ation and consequently produces the effect of allowing 
the laser beams to be concentrated at the target posi- 
tion 5 and heightening the energy densities of the laser 
beams at the target position 5 and the neighborhood 

5 thereof as compared with the case of irradiating diffuse 
light. In other words, this embodiment can lower the 
energy densities of the laser beants impinging on the 
surfece layer part and therefore<:an prevent the surface 
layer part from injury with enhanced infallibility as com- 

70 pared with the case of using diffuse ray, providing that 
the energy densities of the laser beams irradiated on 
the target position are fixed. 
[01 1 6] For this invention, the collimating lenses 36, 46 
are not always required to be positioned between the 

75 distal end parts of the optical fibers 31 . 41 and the cor- 
responding reflecting min-ors 32. ^ but are only 
required to assume their positions halfway along the 
lengths of the light paths of the laser beams. 

20 ((Embodiments)) 

[0117] Fig. 12 is a cross section illustrating a neces- 
sary portion of the Embodiment 5 of the laser inadating 
device of this invention. The component parts which are 

25 shared by this Embodiment 5 and the Embodiment 1 
cited above will be omitted from the following descrip- 
tion. The main points of difference between the two 
embodiments in question will be described below. 
[01 18] The laser in-adiating device 1 Illustrated in the 

30 diagram is provided between distal end part of the opti- 
cal fiber 31 and reflecting n^rror 32 with the collimating 
lens 36 and on the laser beam emitting side Oower side 
in the bearings of the diagram) of the reflecting mirror 32 
with a converging lens (condensing lens) 37. 

35 [01 1 9] The collimating lens 46 is installed between the 
distal end part off the optical fiber 41 and the reflecting 
mirror 42 and a converging lens (condensing lens) 47 is 
installed on the laser beam emitting side (the lower side 
in the bearings of the diagram) of the reflecting mirror 

40 42. 

[0120] In consequertce of this an-angement. the laser 
beam introduced into the laser probe 3 via the proximal 
end part thereof is gidded by the optical f ber 31 from 
the proximal end part through the distal end part, trans- 

45 formed into collimated rays by the collimating lens 36, 
reflected by the reflecting mirror 32 in the direction of 
the target position 5, transformed into a converging ray 
by the converging lens 37, and made to impinge on the 
target position 5. 

so [01 21 ] Then, the laser beam introduced into the laser 
probe 4 via the proximal end part thereof is guided by 
the optical fiber 41 from the proximal and part through 
the distal end part, transformed into a collimated ray by 
the collimating lens 46, reflected by the reflecting face of 

55 the reflecting mirror 42 in the direction of the target posi- 
tion 5, transformed into a convergent ray by the con- 
verging lens 47. and made to impinge on the target 
position 5. 


10 


BNSDOCIO: <EP ^0947221A2LL> 


19 


EP 0 947 221 A2 


20 


[0122] "Rial Is to say. the codimated laser beams 
reflected by the reflecting mirror 32 and the collimated 
laser beams reflected by the reflecting mirror 42 are 
respectively transformed into converging rays, passed 
through different light paths, and converged on the tar- 
get position 5. 

[0123] Though the present Embodiment 5 brings the 
same effect as the Embodiment 1 cited above, this 
Embodiment 5 particularly uses convergent light for ina- 
diation and consequently produces the effect of allow- 
ing the laser beams to be concentrated at the target 
position 5 and heightening the energy densities of the 
laser beams at the target position 5 and the neighbor- 
hood, thereof as compared with the case of irradiating 
diffuse light. This embodiment, therefore, can lower the 
energy densities of the laser beams impinging on the 
' surface layer part and can prevent the suriace layer part 
from injury with enhanced infallibility as compared with 
the case of using a diffuse light, providing that the 
energy densities of the laser beams impinging on the 

target position 5 are fixed. 

[0124] This invention does neither confine the posi- 
tions of the collinBting lenses 36. 46 to the ranges 
between the distal end parts of the optical f bers 31 , 41 
and the reflecting mirrors 32, 42 nor restrict the posi- 
tions of the converging lenses 37. 47 to the laser beam 
emitting sides of the reflecting min-ors 32, 42. The cdli- 
mating lenses 36. 46 and the converging lenses 37, 47 
may be respectively positioned halfway in the lengths of 
the light paths of the laser beams. Optionally, the laser 
irradiating device 1 m^ be so constructed as to omit the 
coHimating lenses 36, 46 and rely on the converging 
lenses 37, 47 to effect transformation of diffuse light into 
convergent light 

<<EnftK)diment6» 

[0125] Fig. 13 is a cross section illustrating a neces- 
sary portion of the Embodiment 6 of the laser in^adiating 
device of this invention. The component parts which are 
shared by this Embodiment 6 and the Embodiment 3 
cited above will be omitted from the following descrip- 
tion. The main points of difference between the two 
embodiments in question will be described below. 
[0126] The laser irradiating device 1 illustrated in the 
diagram is roughly a modification of the laser inndiating 
device 1 of the Embodiment 3 illustrated in Fig. 9 men- 
tioned above in respect that the means for altering the 
direction of irradiation is adapted to rotate. 
[0127] This laser irradiating device 1 is provided with 
the elongate sheath 2 having the working lumen 21 
formed therein, the optical fiber (light guiding member) 
31 installed inside the working lumen 21 of the sheath 2. 
the reflecting mirror (emitting part) 32, the beam splitter 
(emitting part) 34, and rodlike guide members 321 and 
341. 

[01 28] The working lumen 2 1 is formed parallel to the 
longitudinal axis of the sheath 2 and is opened on the 


proximal end side of the sheath 2. The part on the lower 
side in the bearings of Fig. 13 of at least the distal «nd 
part 23 of the sheath 2 is pervious to light. In this case, 
a window pervious to light may be formed in the part on 

5 the lower side in the bearings of Fig. 13 of the distal end 
part 23 of the sheath 2 or the sheath 2 may be wholly 
pervious to light. Othen«vise. an opening may be formed 
in the part on the lower side in the bearings of Fig. 13 of 
the distal end part 23 of the sheath 2. 

10 [01 29] The optical fiber 31 is set in place nearly at the 
center of the sheath 2 parallel to the longitudinal axis of 
the sheath 2. The proximal end part of this optical fiber 
31 protrudes from the proximal end of the sheath 2 and 
the distal end part thereof assumes the position thereof 

75 near the distal end part of the sheath 2. 

[0130] The beam splitter 34 is positioned in such a 
manner on the distal end skie of the optical fiber 31 that 
the angle of inclination thereof relative to the longitudi- 
nal axis of the sheath 2 may be varied. Specif ksally, the 

20 beam splitter 34 is supported rotatably relative to the 
sheath 2 by an axis 342 and the t>eam splitter 34 at the 
end part thereof is rotatably supported on the distal end 
part of the guide member 341 . 
[0131] The guide member 341 is installed movable in 

25 the longitudinal direction of the sheath 2 (the direction 
parallel to the longitudinal axis of the sheath 2) and in 
the direction perpendicular to the longitudinal axis of the 
sheath 2. The proximal end part of this guide member 
341 protnjdes from the proximal erd of the sheath 2. 

30 [0132] The reflecting mirror 32 is positioned in such a 
manner on the distal end side of the beam splitter 34 
that the angle of indinatton thereof relative to the longi- 
tudinal axis of the sheath 2 may be varied. To be spe- 
cific, the reflecting mirror 32 is supported rotatably 

35 relative to the sheath 2 by an axis 322 and the reflecting 
mirror 32 at the end part thereof is rotatably supported 
on the distal end part of the guide member 321 . 
[01 33] The guide member 321 isset in place mcvably 
in the longitudinal direction of the sheath 2 and in the 

40 direction perpendicular to the longitudinal axis of the 
sheath 2. The proximal end part of the guide ment>er 
321 protrudes from the proximal «nd of the sheath 2. 
[0134] The reflecting minor 32 and the beam splitter 
34 are positioned in the longitudinal direction of the 

45 Sheath 2. namely on a straight line parallel to the longi- 
tudinal axis of the sheath 2 (the longitudinal axis of the 
optical fiber 31). The axis 322 for supporting the reflect- 
ing mirror 32 and the axis 34 for supporting the beam 
splitter 34 are disposed parallel to each other. 

50 [01 35] In consequence of this arrangement, the afore- 
mentioned means for aKering the direction of emission 
which enables the motions of the guide members 321 
and 341 to rotate the reflecting mirror 32 and the beam 
splitter 34 round the axis 322 or the axis 342 as the 

55 center and alter the direction of emitting the laser 
beams is completed. 

[0136] While the laser Irradiating device 1 Is held in 
the state illustrated in Fig. 13. the laser beam .emitted 
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from the beam splitter 34, namely the laser beam 
reflected by the splitting face (with aibitrary reflectivity) 
of the beam splitter 34 is issued in the direction indined 
from the lower side to the distal end side in the bearings 
of the diagram (inclined toward the distal end) and the 
laser beam emitted from the reflecting mirror 32, namely 
the laser beam reflected by the reflecting face 320 of the 
reflecting mirror 32, is issued in the direction indined 
from the lower side to the proximal end side in the bear- 
ings of the diagram (inclined toward the proximal end 
side). 

[0137] As a result, the laser beam reflected by the 
splitting face 340 of the beam splitter 34 and the laser 
beam reflected by the reflecting face 320 of the reflect- 
ing mirror 32 overlap (coincide) at the target position on 
the lower side in the bearings of the figure. 
[01 38] In the present laser irradiating device 1 , the tar- 
get position 5 can be moved in an arbitrary direction by 
manipulating the guide member 321 and the guide 
member 341 so as to satisfy the condition. 03 < 64. 
wherein 03 stands for the angle to be formed by the opti- 
cal axis 201 of the laser beam reflected by the reflecting 
face 320 of the reflecting mirror 32 and a straight line 
204 parallel to the longitudinal axis of the sheath 2 and 
04 for the angle to be formed by the optical axis 202 of 
the laser beam reflected by the splitting face 340 of the 
beam splitter 34 and the straight line 204, thereby alter- 
ing the angles of the reflecting face 320 of the reflecting 
mirror 32 and the splitting face 340 of the beam splitter 
34, namely the directions of emission of the laser 
beams (the direction of Irradiation). The performance of 
the laser irradiating device 1 in this respect will be 
described more specifically herein below. 
[0139] Though the beam splitter 34 does not need to 
impose any particular restriction on the degree of reflec- 
tivity (the degree of refractivity of the splitting tece 340), 
this degree of reflectivity is preferred to be set at 1/2. 
[0140] By setting the degree of reflectivity of the beam 
splitter 34 at 1/2, the laser beam reflected by the reflect- 
ing face 320 of the reflecting mirror 32 and the laser 
beam reflected by the splitting face 340 of the beam 
splitter 34 are equalized in quantity of light. As a result, 
the safety of the laser irradiating device 1 for the patient 
is high because the temperature of the surface layer 
part 101 of the tissue 100 can be further lowered. 
(0141 ] Now. the operation of this Embodiment 6 will be 
described below. 

[0142] For a start, the sheath 2 is inserted into the 
body cavity 110 and then, with the cfistal end part 23 
thereof taken as a prescribed position, set therein in 
such a manner that the target position (light converging 
position) 5 may assume a necessary position in the tar- 
get part 120 for in-adiation. 

[0143] In the case of adjusting the target position 5 in 
the direction perpendicular to the longitudinal axis of the 
sheath 2 (in the vertical direction in the bearings of the 
diagram) by the use of the means for altering the direc- 
tion of emission, either or t>oth of the reflecting mirror 32 


and the beam splitter 34 are rotated in necessary direc- 
tions the consequentiy adjusting the directions of emis- 
sion of tine laser beams, namely either or bofli of the 63 
and the 64. 

5 [01 44] In tills case, when ttie 63 is enlarged or ttie 64 
is reduced, the target position 5 moves in tiie direction 
of departing from the sheath 2 (the lower side in tiie 
bearings of Fig. 13). 

[0145] Conversely, when the 63 is reduced or tiie 64 is 
10 enlarged, the target position 5 moves in the direction of 
approximating closely to the sheatii 2 (tiie upper side in 
tiie bearings of the diagram). 

[01 46] Furtiier, for ttie purpose of adjusting the target 
position 5 in tiie longitudinal direction of the sheatii 2. 

15 ttie directions of emission of ttie laser beams, namely 
tiie angles 63 and 64, are adjusted by eittier moving ttie 
laser in-adiating device 1 wholly in a prescribed direction 
(the longitiKiinal direction of the sheatti 2) or rotating ttie 
reflecting mirror 32 and ttie beam splitter 34 in respec- 

20 tively prescribed directions. 

[0147] ' When ttie adjustment of ttie target position 5 in 
ttie longitudinal direction of ttie sheatti 2 is implemented 
by rotating the reflecting mirror 32 and ttie beam splitter 
34, the burden on the patient can be alleviated and tiie 

25 operation of the laser irradiating device 1 can be facili- 
tated because ttie sheatti 2 is no longer required to be 
moved. 

[0148] The target position 5 is adjusted In the circum- 
ferential direction of the sheath 2 by rotating the laser 

30 in^adiating device 1 wholly cloclkwise or counterclock- 
wise In the bearings of Fig. 2. 
[0149] The adjustment of the target position 5 in ttie 
direction perpendicular to the longitudinal axis of the 
sheatii 2. that in the longitudinal direction of the sheath 

35 2, and that in the circumferential direction of the sheatii 
2 may be respectively earned out as occasion demands. 
[01 50] Then, when ttie laser beam generating device 
(not shown) is actuated to start Injection of a laser beam 
into tiie optical fiber 31 via ttie proximal end part ttiereof, 

40 ttie laser beam which has entered the optical fiber 31 
via tiie proximal end part is guided by tiie optical fiber 31 
from the proximal end part ttirough ttie distal end part, 
witti tiie result ttiat part of the laser beam is reflected by 
ttie splitting face 340 of ttie beam splitter 34 and ttie 

45 remainder ttiereof is passed ttirough ttie flitting face 
340 On consequence of the division into tiie reflected 
ray and tiie transmitted ray). The laser beam whteh has 
been reflected by the splitting face 340 of tiie beam 
splitter 34 is made to impinge on ttie target position 5. 

50 [01 51 ] The laser beam which has passed tiie splitting 
face 340 of the beam splitter 34 is reflected by ttie 
reflecting face 320 of the reflecting min'or 32 and tiie 
reflected light is made to impinge on the target position 
5. 

55 [01 52] To be specif ic, the laser beam which has been 
guided by the optical fiber 31 is divided into two parts by 
the beam splitter 34 and tiie divided laser beams (ttie 
laser beam reflected by tiie reflecting face 320 of ttie 
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reflecting mirror 32 and the laser beam reflected by the 
splitting lace 340 of the beam splitter 34) are passed 
through different routes and converged (condensed) on 
the target position 5 on the lower side in the bearings of 
Fig. 13. 

[0153] The target position 5 and the neighboring site 
(region) thereof in the tissue 100 are heated to a neces- 
sary temperature by the laser beam which impinges 
thereon. 

[0154] Meanwhile, the dte on the upper side (such as, 
for example, the surface layer part of the tissue 100) and 
the cite on the lower side of the target part 120 in the 
bearings of the diagram are retained respectively at rel- 
ative low temperatures because the laser beam 
reflected by the reflecting mirror 32 and the laser beam 
reflected by the beam splitter 34 do not overlap. 
[0155] Then, the target part 120 for in-adiation is 
wholly heated to a necessary temperature by moving 
• the target position 5 (by continuously moving the target 
position 5) by the use of the means for altering the direc- 
tion of emission. 

[0156] In the case of moving the object position 5 in 
the direction perpendicular to the longitudinal axis of the 
sheath 2 (in the vertical direction in the bearings of the 
diagram), the directions of emission of laser beams, 
namely either or both of the angles 03 and 04, are var- 
ied by rotating either or both of the reflecting mirror 32 
and the beam splitter 34 in presaibed directions as 
desaibed above. 

[01 57] When the guide member 32 1 of the means for 
altering the direction of emission in the state illustrated 
in Rg. 14 is moved to the left side in the bearings of Fig. 
1 4, for example, the reflecting min'or 32 rotates courrter- 
clockwise and assume the state indicated by a two-dot 
chain line, with the result that the direction of emission 
of the laser beam from the reflecting mirror 32. namely 
the angle of the optical axis 201 of the laser beam 
reflected by the reflecting face 320 of the reflecting mir- 
ror 32 relative to the longitudinal axis of the sheath 2. 
will be altered. In this case, the angle 63 which is formed 
between the optical axis 201 of the laser beam and the 
straight line 204 parallel to the longitudinal axis of the 
sheath 2 is enlarged. 

[01 58] Then, when the guide member 341 is moved to 
the right side in the bearings of Fig. 1 4, the beam splitter 
34 rotates clockwise In the bearings of Fig. 14 and 
assumes the state indicated by a two^lot chain line, 
with the result that the direction of emission of the laser 
beam from the beam splitter 34, namely the angle which 
is formed between the optical axis 202 of the laser 
beam reflected by the splitting face 340 of the beam 
splitter 34 and the longitudinal axis of the sheath 2, will 
be varied. In this case, the angle 84 which is formed 
between the optical axis 202 of the laser beam and the 
straight line 204 is decreased. 
[01 59] As a result, the target position 5 will be moved 
to the lower side in the bearings of Fig. 14. 
[0160] Conversely, in the case of moving the target 


position 5 to the upper side in the bearings of the dia- 
gram, the guide member 321 is moved to the right side, 
the reflecting mirror 32 is rotated clockwise, the guide 
member 341 is moved to the left side, and the beam 
5 splitter 34 is rotated counterclockwise. 

[0161] As a result, the angle 83 is reduced and the 
angle 84 is enlarged and the target position 5 is moved 
to the upper side. 

[0162] In the case of moving the target position 5 in 

10 the direction perpendicular to the longitudinal axis of tiie 
sheath 2. the target position 5 can be moved exclusively 
in the direction perpencficular to the longitudinal axis of 
the sheath 2 without being nrnved in the longitudinal 
direction of the sheath by setting either of the angles 83 

15 and 84 at 90° and altering the other angle (by setting the 
direction of emission of ether of the laser beam from tiie 
reflecting miffor 32 and the laser beam from the beam 
splitter 34 In the lateral direction and altering the direc- 
tion of emission of the remaining laser beam). 

20 [01 63] Then, in the case of moving the target position 
5 in the longitudinal direction of the sheatti 2, the direc- 
tions of emission of the laser beams, namely the angles 
83 and 84, are respectively altered by moving the laser 
irradiation device 1 wholly in a presaibed direction (the 

25 longitudinal direction of the sheath 2) or rotating the 
reflecting mirror 32 and ttie beam splitter 34 in respec- 
tively prescribed directions as described above. For ttie 
same reason as given above, the target position 5 is 
preferred to be moved in the longitudinal direction of the 

30 sheath 2 by rotating the reflecting nriirror 32 and the 
beam spGtter 34. 

[0164] When the guide mender 321 held in the state 
illustrated in Rg. 14 is nfioved to the left side in the bear- 
ings of Rg. 14, for example, the reflecting mirror 32 is 

35 rotated counterclockwise, with the result that the direc- 
tion of emission of the laser beam from the reflecting 
mirror 32. namely, the angle formed between the optical 
axis 201 of the laser beam reflected by the reflecting 
face of the reflecting mirror 32 and the longitudinal axis 

40 Of the sheath 2, wiU be altered. In this case, the angle 83 
which is formed between the optical axis .201 of the 
laser beam and the straight line 204 is enlarged as illus- 
trated inRg. 15. 

[0165] By the same token, when the guide member 
45 341 is moved to the left side in ttie kjearings of Fig. 1 4. 
the beam splitter 34 is rotated counterck)ckwise. witti 
the result tiiat the direction of emission of the laser 
beam from the beam splitter 34. namely the angle to be 
formed between the optical axis 202 of ttie laser beam 
50 reflected by the splitting face 340 of the beam splitter 34 
and the longitudinal axis of the sheatti 2. will be altered. 
In ttiis case, ttie angle 84 to be formed between the opti- 
cal axis 202 of the laser beam and tiie straight line 204 
is enlarged as illustrated in Fig. 15. 
55 [01 66] As a result, the target position 5 moves to tiie 
right side in the t)earings of Rg. 14 and assumes the 
state illustrated in Rg. 15. 

[0167] Conversely, in tiie case of moving the target 
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position 5 to the left side in the bearings of Fig. 15, the 
reflecting mirror 32 and the beam splitter 34 are respec- 
tively rotated clockwise In the bearings of Fig. 15 by 
moving the guide members 321 and 341 respectively to 
the right side in the bearings of Fig. 15. 
[0168] As a result, the angles 03 and 04 are respec- 
tively reduced and the target position 5 is nrusved to the 
left side in the bearings of Rg. 15. 
[0169] Then, the target position 5 is moved in the cir- 
cumferential direction of the sheath 2 by rotating the 
laser irradiating device 1 wholly either clockwise or 
counterclockwise as described above. 
[0170] Though the present Embodiment 6 brings the 
same effect as the embodiment mentioned above, this 
Embodiment 6 particularly produces the effect of ena- 
bling the target position 5 to be moved in an art)itrary 
direction by the use of the means for altering the direc- 
tion of emission, especially the effect of enabling the tar- 
get position 5 to be moved in the direction perpendicular 
to the longitudinal axis of the sheath 2. According to this 
embodiriient. therefore, the target part 120 for irradia- 
tion held at an arbitrary position or the target part 120 
for irradiation having an arbitrary shape and an arbitrary 
size can be wholly heated uniformly to a necessary tem- 
perature easily and infallibly (can be prevented from, 
being locally heated excessively or insufficiently). 
[0171] Further, since the laser irradiating device 1 is 
capable of moving the target position 5 in the direction 
perpendicular to the longitudinal axis of the sheath 2 by 
rotating either or both of the reflecting mirror 32 and the 
bean splitter 34. this laser irradiating device 1 does not 
need to be exchanged for the sake of altering the depth 
of the target position 5. As a result, the operation can be 
fecilrtated and the burden on the patient can be allevi- 
ated: 

[0172] The laser irradiating device 1 is capable of 
moving the target position 5 in the longitudinal direction 
of the sheath 2 without moving the sheath 2 by rotating 
the reflecting mirror 32 and the beam splitter 34. Even 
when the inserting part of the laser irradiating device 1 
can be driven only halfway along the whole of a neces- 
sary deptti as by reason of a relatively nanrow opening 
of tiie body cavity 110. the target part 120 can be 
heated to the necessary terrperature by irradiating the 
target part 1 20 witii the laser beam. 
[0173] Fig. 16 Is a cross section illustrating a neces- 
sary portion of a typical modification of the preceding 
Emtxxilment 6. The component parts which are shared 
by tills modification and the Embodiment 6 cited atwve 
will be omitted from the following desaiption. The main 
points of difference between tiie two embodiments in 
question will be described below. 
[0174] The laser irradiating device 1 illustrated In the 
diagram is provided with the elongate sheath 2 having 
tiie working lumen 21 formed therein, the single laser 
probe 3 Installed in tiie working lumen 21. the reflecting 
min^or 32. and the rodlike guide member 321. 
[0175] The laser probe 3 is composed of an elongate 


sheath 7 having a working lumen 71 forrhed tiierein, an 
optical fiber 31 installed in the working lumen 71, tiie 
beam spfitter 34, and tiie rodGke guide member 341. 
The working lumen 71 opens respectively into tiie distal 
5 end and ttie proximal end of the sheath 7. 

[0176] The optical fiber 31 is disposed nearly at tiie 
center of tiie sheatii 7 parallel to the bngitudlnal axis of 
tiie sheath 7, 

[0177] Though ttiis arrangement allows the present 
10 modification to bring the same effect as ttie Embodi- 
ment 6 mentioned above, this modtfication particularly 
in the case of moving the target position 5 in the direc- 
tion perpendicular to tiie longitudinal axis of the sheath 
(in the vertical direction in tiie bearings of ttie diagram). 
15 namely in the case of altering the deptii of tiie target 
position 5, produces ttie effect of fedlitating ttie opera- 
tion and alleviating the burden on the patient t}ecause it 
effects tiie alteration of the interval between tiie beam 
splitter 34 and tiie reflecting mirror 32 by moving tiie 
20 laser probe 3 in the longitudinal direction of the sheath 
2. " ■ ' - . - 

({Embodiment 7>) 

25 [01 78] Fig. 1 7 is a aoss section illustrating a neces- 
sary portion of tiie Embodiment 7 of the laser Irradiating 
device of tills invention. The component parts which are 
shared by tills Emt)odimerrt 7 and ttie Embodiment 6 
cited above and the modification thereof will be omitted 

30 from tiie following description. The main points of differ- 
ence l)etween the two embocfiments in question will be 
described below. 

[01 79] The laser inadiating device 1 illustrated in ttie 
diagram has a collimating lens 36 installed at tiie distal 
35 end part of the optical fiber 31 . namely between thedis- 
tal end part of ttie optical f&>er 31 and ttie beam splitter 
34. 

[01 80] In consequence of this arrangement, ttie laser 
beam which has been injected into the laser probe 3 via 

40 tiie proximal end part thereof is guided by the optical 
fiber 31 from the proximal end part ttirough ttie distal 
end part and transformed by ttiecollimating lens 38 into 
a collimated ray. Part of the coirmiated lay te reflected by 
the splitting face of tiie beam splitter 34 and the remain- 

45 der tiiereof is passed through the splitting face and 
divided into a reflected light and a transmitted light. The 
laser beam reflected by flie splitting face of the beam 
splitter 34 is made to impinge on tiie target position 5. 
The laser beam which has passed tiie splitting face of 

50 tiie beam splitter 34 is reflected by the reflecting min-or 
32 and made to inrpinge on ttie target position^ . 
[0181] As a result tiie laser beam which has been 
guided by the optical fiber 31 is tfansfbrmed by the col- 
limating lens 36 into a collimated ray and then split into 

55 two rays by tiie beam splitter 34. The split laser beams 
are passed tiirough different routes and converged at 
tiie target position 5. 

[01 82] Though the present Embodiment 7 brings ttie 
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same effect as the Embodiment 6 cited above, this 
Embodiment 7 particularly uses a collimated ray for irra- 
diation and consequently produces the effect of ena- 
bling the laser beams to be converged at the target 
position 5 and exalting the energy densities of the laser 
beams at the target position 5 and in the neighborhood 
thereof as compared with the case of using a diffuse ray 
for inradiation. In other words, this embodinr^ent can 
lower the energy densities of the laser beams which 
impinge on the surface layer part and prevent the sur- 
face layer part from injury infallibly as compared with the 
case of using diffuse ray for irradiation, providing that 
the energy densities of the laser beams impinging on 
the target position 5 are fixed. 
[0183] Incidentally, for this invention, the position of 
the coliimating lens 36 is only required to fall halfway in 
• the entire length of the light path of the laser beam and 
' does not need to be confined between the distal end 
part of the optical fiber 31 and the reflecting mirror 32. 

((Embodiments)) 

[0184] Fig. 18 is a cross section illustrating a neces- 
sary portion of the Embodiment 8 of the laser in-adiating 
device of this invention. Fig. 19A is a side view of Fig. 
18. and Fig. 19B Is a table showing the relation between 
the lever position on the one part and the depth off inra- 
diation and the position of irradiation on the other hand. 
The component parts which are shared by this Embod- 
iment 8 and the embodiments cited above will be omit- 
ted from the following desaiption. The main points of 
difference between the two embodiments in question 
will be described below. 

[0185] As illustrated in the diagrams, this laser irradi- 
ating device 1 is provided with the guide members 321 . 
341 as means for altering the direction of emission. 
These guide members 321, 341 are provided respec- 
tively with levers (manipulating members) 6a, 6b 
adapted to rotate the reflecting mirror 32 or the tjeam 
splitter 34. 

[0186] These levers 6a. 6b are each composed of a 
head part 61 and a shank 63 smaller in diameter than 
the head part 61 . On the head parts 61. linear indexes 
62 are formed one each. 

[01 87] Further, on the proximal end side of the sheath 
2, the long hole (guiding groove) 24 for guiding the 
levers 6a. 6b is formed. This long hole 24 is formed par- 
allel to the longitudinal axis of the sheath 2 and is 
adapted to communicate with the working lumen 21. 
The width of this long hole 24 (the length in the vertical 
direction in the bearings of the diagram) is larger than 
the outside diameter of an axial parts 63 of the levers 
6a. 6b and smaller than the head part 61. 
[01 88] The shanks 63 of the levers 6a, 6b are respec- 
tively inserted in the long hole and the head parts 6a of 
the levers 6a. 6b are positioned on the outer peripheral 
side of the sheath 2 as illustrated in Fig. 19A. The grad- 
uated scale 25 is disposed along the longitudinal axis of 


the sheath 2 near the long hole54 (on the lower side of 
the long hole 24 in the bearings of the diagram) on the 
outer peripheral surface of the sheath 2. This graduated 
scale 25 corresponds to the angles 03 and 84. namely 

5 to the target position 5. 

[0189] By reading the value of the graduated scale55 
which coincides with the index 62 of the lever^ and the 
value of the graduated scale 25 which coincides with 
the index 62 of the lever 6b, therefore, the target position 

10 5 can be comprehended and particularly the distance 
between the target position 5 and the outer peripheral 
surface of the sheath 2 (the surface of the tissue) in the 
direction perpendicular to the longitudinal axis of the 
sheath 2, namely the depth of the target position 5. can 

75 be comprehended based on the scale reading. 

[0190] To be more specific, with the distance M 
between the shaft 322 supporting the reflecting min^or 
32 and the shaft 342 supporting the beam splitter 34 set 
at 20 mm, for example, the graduated scale 25 has the 

20 center thereof marked as "O" and has both sides thereof 
across the "0" calibrated each into 30 equal parts. In this 
case, the scale is so set that one part of the calibration 
may correspond to the angle to be formed between the 
line perpendicular to the optical axis of the shaft 322 or 

25 342 of the reflecting mirror 32 or beam splitter 34 and 
the reflected ray (the angle indicated as -a or -hi in *Fig. 
18). 

[0191] Owing to this arrangement, the value of the 
graduated scale-25 which is pointed by the index 62 of 

30 the lever 6a represents the angle of the reflected Bght of 
the reflecting minor 32 or beam splitter 34. By reading 
the values of the graduated scale 25 which are pointed 
by the indexes 62 of the levers€a.^ therefore, the tar- 
get position 5 (the distance L2 to the position of the 

35 center of irradiation) can be comprehended based on 
the scale readings. 

[0192] It is assumed that "Dl " stands for the outside 
diameter of the sheath 2. "L2" for the distance from the 
shaft 322 to the position of center of irradiation, and 

40 "02" for the depth of irradiation from the shafts 322. 342 
to the position of center of inradiation as Illustrated in 
Fig. 18. Then "12" and "D2" mentioned above relative to 
the readings of the levers 'Oa. 6b relative to the gradu- 
ated scale 25 have such values as are indicated in the 

45 table of Fig. 19B. For example, the position of irradia- 
tion. L2, is 13.5 mm and the depth of irradiation, D2. is 
37.0 mm when the outside diameter, D1 . of the sheath 
is 7 mm. the reading of the Ia^er6a on the graduated 
scale 25 is -10, and the reading of the lever-eb on the 

50 graduated scale 25 is -i-20. 

[0193] In Fig. 19B, some of the numerical values are 
missing from the table because such numerical values 
are not necessary where the beams of light reflected by 
the reflecting minor 32 and the beam splitter 34 either 

55 intersect at a very remote point or fail to intersect at all. 
[0194] Now. the operation of this laser irradiating 
device 1 will be described below. 
[01 95] When the operator grips the head part 61 of the 
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lever 6a. i.e. the means for altering the direction of emis- 
sion, and moves the lever 6a. the lever 6a slides along 
the long hole 24 and. at the same time, the guide mem- 
ber 321 moves in the longitudinal direction of the sheath 
2, with the result that the reflecting mirror 32 rotates to a 
prescribed direction. Thus, the angle 63 is altered. 
[01 96] When the operator grips the head part 61 of the 
lever 6b and moved this lever 6b, the lever 6b slides 
along the bng hole 24 and, at the same time, the guide 
member 341 moves in the longitudinal direction of the 
sheath 2. with the result that the beam splitter 34 rotates 
to a prescribed direction. Thus, the angle 64 is altered. 
[01 97] Though this laser in-adiating device 1 brings the 
same effect at the laser irradiating device 1 of the pre- 
ceding embodiment, particularly this Embodiment 8 
produces the effect of facilitating the alteration of the 
direction of emission of the laser beams by the motion 
of the guide members 321 . 341 , namely the rotation of 
the reflecting min-or 32 and the beam splitter 34 
because this device is provided with the levers 6a. 6b. 
[0198] Since the target position 5 (particularly the 
depth of the target position 5) can be comprehended by 
reading the value of the graduated scale 25 which coin- 
cides with the Index 62 of the lever 6a and the value of 
the graduated scale 25 which coincides with the index 
61 of the lever 6b. the target position 5 can be easily and 
infallibly moved to a position aimed at (particularly the 
depth of the target position 5 can be altered to a depth 
aimed at). As a result the target part 120 for irradiation 
can be easily and infallibly heated uniformly to a neces- 
sary temperature while retaining the site other than the 
target part 120 for irradiation at a relatively low temper- 
ature. 

<< Embodiment 9)) 

[0199] Fig. 20 is a cross section illustrating the 
Emt)odiment 9 of the laser irradiating device of this 
invention. The component parts which are shared by 
this Embodiment 9 and the embodiments cited above 
will be omitted from the following desaiption. The main 
points of difference between tiie two embodiments in 
questicMi will be described below. 
[0200] As illustrated in the diagram, the laser irradiat- 
ing device 1 is provided on the laser beam emitting side 
of the reflecting mirror 32 (the lower side in the bearings 
of the diagram) with the converging lens (condensing 
lens) 37. 

[0201] Further, it is provided on the laser beam emit- 
ting side of tiie beam splitter 34 (tiie lower side in the 
bearings of the diagram) witii a converging lens (con- 
densing lens) 38. 

[0202] Now, the operation of tiiis laser inradiating 
device 1 will be described below. 
[0203] The laser beam which has been injected into 
the optical fiber 31 via the proximal end part thereof Is 
guided by the optical fiber 31 from the proximal end part 
through the distal end part and ti^ansfbrmed by the colli- 


mating lens 36 into a collimated ray Part of the colli- 
nfiated ray is r^lected by the splitting face 340 of tiie 
beam splitter 34 and tiie remainder thereof is passed 
tiirough the splitting face 340 (the collimated ray split 

5 into a reflected ray and a transmitted ray). The laser 
beam which has been reflected by the splitting face 340 
of tiie beam splitter 34 is transformed by the converging 
lens 38 into a convergent ray and made to impinge on 
tiie target position 5. 

10 [0204] The laser beam (cdiimated ray) which has 
passed the splitting face 340 of the beam splitter 34 is 
reflected by tiie reflecting face 320 off the reflecting mir- 
ror 32. The reflected ray is transformed by tiie converg- 
ing lens 37 into a convergent ray and made to impinge 

15 on tiie target position 5. 

[0205] That 6 to say. the laser beam guided by tiie 
optical fiber 31 is transfbmied by the collinriating lens 36 
into a collimated ray and tiien split into two parts by tiie 
beam splitter 34. The split laser beams (tiie laser beam 

20 reflected by tiie reflecting face of the reflecting mmr 32 
and the laser beam reflected by the splitfing face 340 of 
tiie beam splitter 34) are respectively fransfbrmed into 
convergent rays and passed tiirough different routes 
and converged on tiie target position 5. 

25 [0206] Though tiiis Embodiment 9 brings tiie same 
effect as the preceding embodiment, particularly the 
present EmtDodiment 9 uses a convergent ray for irradi- 
ation and tiierefore produces the effect of enhancing the 
concentration of the laser beam at tiie target position 5 

30 and exalting tiie energy densities of the laser beams at 
tiie target position and in the neighborhood thereof as 
compared witii tiie case of using a diffuse ray for inradi- 
ation. In other words, tiie present en*odiment can pre- 
vent the surface layer part from injury with enhanced 

35 infallibility because it can lower the energy densities of 
tiie laser beams which impinge on the surface layer part 
as compared witii tiie case of using a disperse ray for 
in-adiation, providing that the energy densities of tiie 
laser beams which impinge on the target position are 

40 fixed. 

[0207] Rg. 21 is a diagram illustrating the infadiated 
laser beam (convergent ray) of tiie present embodiment 
and tiie irradiated laser beam (collimated ray) of tiie 
pr^ent emtxxlimerrt as type specimens. As illustrated 

45 in this diagram, since the laser beam 301 which is a 
convergent ray is once converged and tiien diverged, it 
is at an advantage in forming a small beam diameter in 
tiie range 303 and heightening the energy dens'itites of 
tiie laser beams as compared witii the lase^ beam 302 

50 which is a collimated ray. 

((Embodiment 10)) 

[0208] Fig. 22 is a cross section illustrating a neces- 
55 sary portion of the Embodiment 10 of tiie laser inBdiat- 
ing device of tiiis invention. The component parts which 
are shared by this Embodiment 10 and the embodi- 
ments cited atKTve will be omitted from tiie following 
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description. The main points of difference between the 
two embodiments in question will be described below. 
[0209] As illustrated in this diagram, the \as& irradiat- 
ing device 1 has installed within the working lumen 21 of 
the sheath 2 the optical f ibers (light guiding members) s 
31 , 41 . the reflecting minrors (emitting parts) 22. 36, and 
the rodlike guide members 321 , 351 . 
1021 0] The optical fiber 41 is positioned on the upper 
side of the optical fiber 31 in the bearing of the diagram 
and the distal end part thereof is positioned on the for- io 
ward end side from the distal end part of the optical fiber 
31 (the right side in the bearings of the diagram). 
[0211] The reflecting mirror 35 is positioned on the 
distal end side (distal end part 23) of the optical fiber 31 
and is supported by the shaft 352 rotatably relative to 
the sheath 2. Further, the reflecting mirror 35 at the end 
part thereof is supported rotatably by the distal end part 
of the guide member 351 . 

[0212] The reflecting mirror 32 is positioned on the 
distal end side (the distal end part 23) of the optical fiber 
41 and is supported by the shaft 322 rotatably relative to 
the sheath 2. Further, the reflecting mirror 32 at the ter- 
minal part thereof is supported rotatably by the distal 
end part of the guide member 321. The shaft 322 sup- 
porting the reflecting mirror 32 and the shaft 352 sup- 
porting the reflecting mirror 35 are disposed parallel to 
each other. 

[0213] Now, the operation of this laser irradiating 
device 1 wilt be described below. 
[021 4] The laser beam which has entered the optical 
fiber 31 via the proximal end part thereof is guided by 
the optical ftoer 31 from the proximal end part through 
the distal end part and reflected by the reflecting face 
350 of the reflecting min^or 35. The reflected ray is made 
to impinge on the target position 5. 
[021 S] The laser beam which has entered the optical 
fiber 41 via the proximal end part thereof is guided by 
the optical ftoer 41 from the proximal end part through 
the distal end part and reflected by the reflecting face 
320 of the reflecting mirror 32. The reflected laser beam 
is made to impinge on the target position 5. 
[021 6] That is to say. the laser beam reflected by the 
reflecting minror 32 and the laser beam reflected by the 
reflecting min-or 35 are passed through different routes 
and then converged on the target position 5. 
[0217] The present embodiment brings the same 
effect as the embodiments descrS^ed above. 

< (Embodiment ID) 

[0218] Fig. 23 is a cross section illustrating a neces- 
sary portion of the Embodiment 1 1 of the laser irradiat- 
ing device of this invention. The component parts which 
are shared by this Embodiment 11 and the emkxxji- 
ments cited above will be omitted from the following 
description. The main points of difference between the 
two embodiments in question will be described below. 
[021 9] The laser irradiating device 1 illustrated in the 


diagram has formed in the sheath 7 of the laser probe 3 
an endoscope grade lumen 72 adapted for permitting 
removal insertion therein of an endoscope 8. 
[0220] This lumen 72 is formed on the lower side of 
the optical ftoer 31 in the bearings of the diagrams (on 
the laser beam emitting side) parallel to the longitudinal 
axis of the sheath 7, opened in the proximal end of the 
sheath 2, and adapted to oomnuinicate with the worldng 
lumen 71 . 

[0221] This laser irradiating device 1 is prepared for 
use, for example, by inserting the endoscope 8 for 
oblique inspection (for the inspection of the oblique 
front) or the endoscope for wide-angle front inspection 
into the lumen 72 and locating a distal end part 81 of the 
endoscope 8 in the distal end part of the sheath -2. 
namely in the proximity of the beam splitter 34. 
[0222] By this endoscope 8. the operator is enabled to 
inspect the state of things arising within a range of 
ot^servation 140 to be seen via a light path such as, for 
example, the position for irradiation of the laser beam, 
the direction of inradiation of the laser beam (the direc- 
tion of emissbn of the laser beam), and the condition of 
the surface of the tissue 100 irradiated by the laser 
beam. 

[0223] The range of observatwn 140 mentioned 
above is enabled to assume an arbitrary position by 
rotating the endoscope 8 roimd the longitudinal axis 
thereof or nxsvlng It in the longitudinal ds'ectlon thereof. 
[0224] Though the present embodiment 1 1 brings the 
same effect as the embodiments cited above, partk:u- 
larly this Embodiment 11 relies on the endoscope 8 to 
attain necessary inspection of the range of olaservation 
140 and consequently produces the effect of visually 
confirming the relative position of the target part 120 on 
the surface of the tissue 100, the position to be irradi- 
ated with the laser beam, and the direction of irradiatron. 
As a result, the operator is enabled to irradiate the tar- 
get part 120 more reliability with the laser beam and. 
during the in-adiation of the las©- beam, observe the 
conditions of the surface of the tissue 100 irradiated 
with the laser beam, and optimize the conditions of irra- 
diation based on the result of the observation. While the 
present Embodiment 1 1 . as depicted above, causes the 
endoscope 8 to be inserted removably into the lumen 
72. this invention alternatively allows the endoscope 8 
to be installed in a fixed state to the sheath 7. The 
present invention, however, does not impose any partic- 
ular restriction on the construction of the endoscope 8 
to be used therein. 

{(Embodiment 12» 

[0225] Fig. 24 is a aoss section illustrating a neces- 
sary portion of the Enit>odiment 12 of the laser irradiat- 
ing device of this invention partly by way of a type 
specimen. The component parts which are shared by 
this Embodiment 12 and the embodiments cited above 
will be omitted from the following descriptioa The nrein 
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points of difference between the two embodiments in 
question will be described below. 
[0226] The laser irradiating device 1 illustrated in the 
diagram is provided at the distal end part 23 of the 
sheath 2 with a balloon 9 adapted to allow inflation and 
contraction. The part at least in the lower side of tNs 
balloon 9 in the bearings of the diagram is pervious to 
light 

[0227] The material for forming this balloon 9 is pre- 
ferred to excel in perviousness to the laser beam. As 
concrete embodiments of the material answering this 
description, polyolefins, polyesters, polyamides. 
latexes, and cellulose may be cited. This choice of the 
material can alleviate such phenomena as loss of 
energy and evolution of heat which occur in the balloon 
9 in consequence of the absorption of the laser beam. 
[0228] In the sheath 2, an inflation lumen (flow path) 
26 for supplying a working fluid for inflating the balloon 
9 and a deflation lumen (flow path) 27 for discharging 
the working fluid mentioned above are respectively 
formed. * 

[0229] These lumens 26, 27 are opened respectively 
into a supply part 28 and a discharge part 29 formed on 
the proximal end side of the sheath 2 for handling the 
working fluid and adapted to communicate with a hollow 
part 91 of the balloon 9 at the distal end part 23 of the 
sheath 2. 

[0230] These lumens 26. 27 are disposed as sym- 
metrized aaoss the longitudinal axis of the sheath 2. 
The working lumen 21 of the sheath 2 is opened on the 
prcodmal end skJe thereof. 

[0231] In this working lumen 21. the aggregate 11 
which conprises the laser probe 3 illustrated in Rg. 17 
dted above, the reflecting minor 32. the guide member 
321 supporting the reflecting mirror 32. the beam split- 
ter 35. and the guide meniber 351 for supporting this 
beam splitter 35 is installed. These component parts 
are independently installed movably in the tongitudinal 
direction of the sheath 2. 

[0232] The working fluid mentioned above does not 
need to submit to any particular restriction but requires 
only to be capable of inflating and contracting the bal- 
loon 9. It is nevertheless prefened to be a refrigerant 
For, the refrigerant prevents the surface layer part of the 
t^e more reliably from sustaining an injury by cooling 
the surface layer part during the course of the laser in-a- 
diation. 

[0233] When the target part 120 happens to be the 
prostate gland, for example, the irradiation of the laser 
beam is preferred to be implemented in such a manner 
that the temperature of the target part 1 20 may fell in the 
approximate range of 48 • 100**C and the temperatures 
of the site of the upper side and the site of the lower side 
of the target part 1 20 in the bearings of the diagram may 
respectively remain below 44*^0. The laser irradiating 
devk^e 1 of this embodiment is capable of effecting the 
laser beam irradiation according to this plan. 
[0234] The temperature of the refrigerant mentioned 


above does not need to submit to any particular restric- 
tion but requires only to be capable of oooGng the sur- 
face layer part of the tissue. The proper temperature of 
the refrigerant does not exceed 37''C, preferably falls in 

5 the approximate range of 0 - 25°C. and more preferably 
fails in the approximate range of 0 - 1 0^C. 
[0235] The working fluki to be used in this case is pre- 
ferred to be physiologk^al saline solution. The use of the 
physiological saline solution is at an advantage in allay- 

10 ing the effect of leakage thereof which possibly occurs 
intracorporeally k>y some cause or other. 
[0236] When the refrigerant is adopted as the working 
fluid, the refrigerant is preferred to be circulated. Advan- 
tageously this circulation of the refrigerant is continued 

IS from before the laser irradiation till after the laser inadi- 
ation is completed. 

" [0237] The eff fciency of the cooling can be improved 
by circulating the refrigerant The surface layer part can 
be cooled to an increased extent by continuing the cir- 

20 culation of the refrigerant from before the laser irradia- 
tion till after the laser irradiation is completed.^ 
[0238] The discharge part 29 is preferred to be pro- 
vided, for example, with a pressure valve which opens 
when the internal pressure thereof surpasses a pre- 

25 scribed level. As a result, the balloon 9 can be inflated 
with a prescribed pressure without relying on the flow 
volume of the refrigerant 

[0239] The temperature of the refrigerant and the flow 
volume of the refrigerant are preferred to be controlled 

30 as synchronized with the irradiation of the laser. As a 
resuft, the surface layer part can be prevented from 
being cooled or heated excessively. 
[0240] Further, the balloon 9 is preferred to be pro- 
vided with a temperature sensor for detecting the sur- 

35 face temperature of the tissue. In this case, the 
temperature sensor serves the purpose of detecting the 
surface temperature of the tissue and allowing the infor- 
mation (value of detection) consequently obtained to be 
utilized in controlling the cooling operation. As a result. 

40 the cooling can be eflicientiy implemented to a neces- 
sary and sufficient extent 

[0241 ] Now. the operation of the Embodiment 1 2 will 
be described below. 

[0242] The laser inradiating devfce 1 , with the balloon 
45 9 in a contracted state, is inserted as led by the distal 
end part 23 into the body cavity until the distal end part 
23 thereof settles on the upper side of the target place 
120 in the bearings of the diagram. 
[0243] When the refrigerant (working flukJ) emanating 
50 from the supply part 28 is injected by means of a pump 
connected to the supply part 28. this refrigerant flows 
from the supply part 28 via the inflation lumen ^ into 
the hollow part 91 formed in the balloon 9. with the 
result that the balloon 9 will be inflated to a prescrbed 
55 Size. 

[0244] The inflation of the balloon 9 results in fixing the 
position and direction of the part to be inadiated with the 
laser beam. Consequentiy. the target part 120<can be 
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iiradiated easily and infellibly with the laser beam. 
[0245] By Inflating the balloon 9 thereby pressing the 
tissue in the direction from the surface toward the deep 
part under a prescribed pressure, the tissue is com- 
pressed into a bloodless state or the light path for the 
laser beam from the laser Irradiating device 1 through 
the target part 120 is reduced in length. As a result, the 
laser beam is passed with added ease and the thera- 
peutic effect is heightened. 

[0246] The consequence is that the part contacting 
the balloon 9 and the neighborhood thereof, namely the 
surface layer part of the tissue, Is cooled with the refrig- 
erant As a result, the rise of temperature due to the 
laser irradiation can be precluded and the surface layer 
part can be infallibly prevented from sustaining an injury. 
[0247] The circulation of the refrigerant is irrple- 
mented by injecting the refrigerant from the supply part 
28 and discharging it via the discharge part 29. In this 
case, the refrigerant emanates from the supply part 28, 
passes via the inflation lumen 26, and f tows into the hol- 
low part 91 formed in the baBoon 9. The refrigerant 
which has flowed into the hollow part 91 flows at least 
semicircularly (circulates) inside the hollow part 91 and 
then passed through the deflation lumen 27 and finally 
discharged from the discharge part 29. 
[0248] During the extraction of the laser irradiating 
device 1 from the Ixxiy cavity after conpletion of the 
irradiation of the target part 120 with the laser beam, the 
discharge of the refrigerant from the discharge part 29 
alone is performed without continuing the irijection of 
the refrigerant from the supply part 28. Then, the bal- 
loon 9 is contracted by discharging the refrigerant in the 
hollow part 91 of the balloon 9 via the deflation lumen 
27. 

[0249] The laser tn-adiating device 1 , with the balloon 
9 in a contracted state, is wholly moved to the left side 
in the bearings of the diagram and extracted from within 
the body cavity. 

[0250] Though this Embodiment 12 brings the same 
effect as the embodiments cited above, particularly the 
present Embodiment 12 uses the balloon 9 in the man- 
ner described above and consequently produces the 
effect of easily and Infallibly fixing the position and the 
direction of the part to be irradiated with the laser beam. 
[0251 ] Further, the present embodiment is capable of 
cooling the surface layer part of the tissue with the 
refrigerant held in the balloon 9 and consequently pre- 
cluding the rise of temperature due to the laser inradia- 
tion. 

[0252] The present invention allows the preceding 
embodiment to have the balloon 9 provided in the 
sheath 2 in the same manner as in the present embodi- 
ment. 

((Embodiment 13 » 

[0253] Rg. 25 is a cross section illustrating a neces- 
sary portion of the Embodiment 13 of the laser irradiat- 


ing device of this invention partly by way of a type 
specimen. The component parts which are shared by 
this Embodiment 13 and the Embodiment 12 cited 
above will be omitted from the following description. The 

5 main points of difference between the two embodiments 
in question will be described below. 
[0254] The laser inadiating device 1 illustrated in the 
diagram has inserted r€«iovably in the worWng lumen 
21 of the sheath 2 the aggregate 11, specifically the 

10 aggregate 1 1 which, as Illustrated in Fig. 1 7, comprises 
the laser probe 3, the reflecting min-or 32. the guide 
meniber 321 supporting the reflecting mirror 32, the 
beam spBtter 34. and the guide member 341 supporting 
the beam splitter 34. 

15 [0255] Though this Embodiment 13 brings the same 
effect as the embodiments cited above, particulariy the 
present Embocfiment 1 3 uses the aggregate 1 1 which is 
inserted removably in the working lumen 21 of the 
sheath 2 and therefore produces the effect of adapting 

20 the sheath 2 contacting the tissue as a disposable com- 
ponent and allowing the aggregate 1 1 held therein to be 
exchanged after usa Especially, this embodiment 
affords the advantage of aDeviating the burden on the 
patient because the aggregate 1 1 can be exchanged for 

25 a new supply while the sheath 2 is kept inserted in the 
body cavity. 

((Embodiment 14)) 

30 [0256] This Ennbodiment 14 is not illustrated in the 
accompanying drawings. The conrponent parts which 
are shared by this embodiment and the Embodiments 
12, 13 cited above will be omitted from the following 
description. The main points of difference between the 

35 two embodiments in question will be described below. 
[0257] This Embodiment 14 has a surface layer con- 
taining a hydrophilic macromolecular material formed 
on the surface of the sheath 2 or on the surfaces of the 
sheath 2 and the balloon 9. 

40 [0258] As concrete embodiments of the hydrophilic 
macromolecular material which proves favorable herein, 
carboxymethyl cellulose, polysaccharides, polyvinyl 
alcohol, polyethylene oxide, sodium polyaaylate. 
methyl vinyl ether-maleic anhydride copolymer, and 

45 water-soluble polyamides may be -cited. Among other 
hydrophilic macromolecular materials mentioned 
above, methyl vinyl ether-maleic anhydride copolymer 
proves particulariy advantageous. 
[0259] When the surface layer of the laser irradiating 

50 device 1 of this construction Is jmmersed such as in 
physiologfcal saline solution prior to the use of the 
device, the surface layer is wetted and consequently 
enabled to impart lubricity to the surface of the laser 
irradiating device 1 . 

55 [0260] Though this Embodiment 14 brings the same 
effect as the preceding embodiments, particularly the 
present Embodiment 14 contains the surface layer 
including the hydrophilic macromolecular material and 
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therefore prcxiuces the effect of diminishing the friction 
of the laser irradiating device 1 against the tissue and 
consequently alleviating the burden on the patient and, 
at the same time, enhancing the safety of the device for 
the patent. 

[0261] To be specific, this embodiment permits the 
insertion of the laser irradiating device 1 into the body 
cavity, the extraction thereof from within the body cavity, 
and the movement and rotation thereof Inside the body 
cavity to be carried out smoothly 
[0262] The laser inradiating device of tfus invention is 
a device for medical care and is used for the cure of 
prostatomegaly and various ulcers (such as. for exam- 
ple, cancers). 

[0263] While the laser irradiating device of this inven- 
tion has been described with particular reference to 
specific embodiments Illustrated in the accompanying 
drawings, it is evident that this invention does not need 
to be limited thereto. The components thereof may be 
substituted by those of arbitrary construction which fulfill 
the same functions. 

[0264] For example, this invention may be embodied 
t>y suitably combining the characteristics of the embod- 
infients cited above. 

[0265] Further, in the present invention, the light con- 
ducting member does not need to be limited to the opti- 
cal fiber. Optionally, a rod lens, for example, may be 
used instead. 

[0266] Then, in the present invention, the emitting part 
does not need to be limited to those depicted in the 
embodiments cited above. Optionally, a prism or a 
wedge plate may be adopted instead. 

Claims 

1. A lateral-irradiation type laser inradiating device for 
irradiating a tissue with laser beams capable of 
reaching a depth in the organism, comprising 

an elongate main body, 

at least one light guicfing member disposed in 
said main body and adapted to guide said laser 
beams. 

emitting means provided witti a plurality of 
emitting parts for laterally or obliquely issuing 
said laser beams guided by said light guiding 
member thereby enabling said laser beams to 
be passed through different routes and con- 
centrated at a target position, and 
an emitting direction altering means for altering 
tiie direction of emission of tiie laser beam 
emanating from at least one of said emitting 
parts, whereby said target position is moved by 
altering the direction of emission of said laser 
beams by the use of said emitting direction 
altering means. 

2. A lateral-irradiation type laser irradiating device for 


irradiating a tissue with laser beams capable of 
reaching a deptii in tiie organism, comprising 

an elongate main body. 

5 a light guiding member disposed In said main 

body and adapted to guide said laser beams, 
emitting means provided with a plurality of 
emitting parts for splitting said laser beams 
guided by said light guiding member into a plu- 

10 rality of laser beams and laterally or obliquely 

issuing ttie split laser beams said laser beams 
thereby enabling said laser beams to be 
passed through different routes and concen- 
trated at a target position, and 

IS an emitting direction altering means for altering 

the direction of emission of the laser beam 
emanating from at least one d said emitting 
parts, and 

characterized by the fact tiiat said target posi- 
20 tion is moved by altering the direction of emis- 

sion of said laser beams by the use of said 
emitting direction altering means. 

3. A laser in-adiating device according to daim 1 or 
25 daim 2, wherein said emitting direction altering 

means is adapted to move said target position in at 
least one direction selected from among the direc- 
tion perpendicular to the longitudinal axis of said 
main body, the longitudinal direction along the lon- 
30 gitudinal axis of said main body, and the drcumfer- 
ential direction round the longitudinal axis of said 
main body. 

4. A laser irradiatir^ device according to daim 3, 
3S wherein said emitting direction altering means is 

adapted to effect said motion of said target position 
by moving at least one of said emitting parts in the 
direction of the longitudinal axis of said main body. 

40 5. A laser irradiating device according to daim 4. 
wherein said emitting parts are so disposed that the 
ligfit guiding members may be vertically super- 
posed and tiie emitting part disposed in tiie lower 
light guiding member emits the laser beam in tiie 

45 direction oblique to the distal end side and the emit- 
ting part disposed in the upper light guiding mem- 
ber emits the laser t>eam in the direction oblique to 
tiie proximal end side. 

50 6. A laser irradiating device according to claim 3. 
wherein said emitting direction altering means is 
adapted to effect said motion of -said target position 
by altering the angle witti which^id emitting part is 
indined relative to the longitudinal axis of "said main 

55 body. 

7. A laser irradiating device according to clalrh 3. 
wherein said emitting direction altering means is 
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adapted to effect the motion of said target position 
in the drcumferential direction round the longitudi- 
nal axis of said main body by rotating at least said 
emitting part round the longitudinal axis of said 
main body. s 

8. A laser in-adiating device according to any of claims 
1, 2. and 5, wherein said emitting member is pro- 
vided with a reflecting face for reflecting at least 
part of the laser beam injected into said emitting io 
part 

9. A laser in^adiating device according to any of claims 
1.2, 4, 6, and 7, wrherein said emitting direction 
altering means is provided with a moving means for is 
altering the interval between said emitting members 

- by moving at least one of said emitting parts in the 
direction of the longitudinal axis of said main body. 

10. A laser irradiating device according to claim 9. 20 
wherein said moving means is provided with an 
operating member cap^e of producing an opera- 
tion of motion. 

11. A laser irradiating device according to daim 10. 25 
wherein said nxiving means is provided with a grad- 
uated scale corresponding to the inten/als between 
said emitting parts or the positions of said emitting 
parts. 

30 

12. A laser irradiating device according to claim 1 or 
claim 2, wherem said emitting means is disposed in 
the distal end part of said light guiding member. 

13. A laser inradiating device according to claim 2. 35 
wherein at least one of said emitting members is an 
optical element capable of reflecting part of the 
laser beams and passing the remainder thereof. 

14. A laser inradiating device according to daim 13. 40 
which is constructed so that the laser beams from 
the emitting parts are substantially equal in quantity 

of light. 

15. A laser irradiating device according to claim 1 or 45 
claim 2, which further comprises an optical system 
adapted to transfomi said laser beam Into a colli- 
mated ray or a convergent ray and disposed half- 
way in the lengths of light paths for the laser beams. 

so 

16. A laser irradiating device according to claim 1 or 
claim 2. wherein said main body is provided with a 
lumen allowing insertion therein of an endoscope. 

17. A laser irradiating device according to claim 1 or ss 
claim 2, which further comprises a balloon capable 

of inflation and contraction disposed in the distal 
end part 


18. A laser in-adiating device according to daim 1 or 
daim 2. wherein said main body is provided on the 
surface thereof with a surface layer containing a 
hydrophilic macromdecular material. 

19. A laser irradiating device according to daim 1 or 
daim 2. wherein said laser beams have a wave- 
length in the approximate range of 700 - 1300 nm. 
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